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PREFACE 


J 


What  are“fhe  effects  of  aircraft  operations  on  ambient  air  quallty^T^ 
It  has  been  becoming  Increasingly  apparent  that  the  scales  to  be  considered 
range  from  local  to  regional  and  that  aircraft  as  a source  of  emissions 
have  to  be  distinguished  from  other  airport-related  sources  such  as  passen- 
ger and  ground  support  vehicles,  and  stored  fuel.  ' 


To  evaluate  the  state-of-the-art  of  the  Impact  of  aircraft 
engine  emissions  on  air  quality,  the  Federal  Aviation  Administration  hosted 
an  International  Conference  on  Air  Quality  and  Aviation  during  October  16-18, 
1978,  at  Reston,  Virginia.  The  Conference  was  co-sponsored  by  the  U.S.  Air 
Force,  the  Air  Pollution  Control  Association,  end  the  U.S.  Environmental 
Protection  Agency. 


This  volume  Is  the  Proceedings  of  the  Conference.  The  twenty-four 
papers  presented  were  divided  Into  sees ’ ns  on  /Ir  Quality  and  Emissions 
Standards  — General  Airport  Sources  a Emissions  Data  Base,  Air  Quality 
Modeling,  and  Case  Studies.  The  concluding  session  was  a Panel  Discussion 
on  "where  do  we  go  from  here?"  A keynote  speech  on  aircraft  emissions  and  air 
quality  was  delivered  by  Mr.  Ernest  Rosenberg  of  the  U.S.  Environmental  Pro- 
tection Agency. 

Even  though  not  directly  related  to  the  subject  matter,  a highlight  of 
the  Conference  was  the  Federal  Aviation  Administration  Extraordinary  Service 
Award  made  to  Air  Commodore  Sir  Frank  Whittle,  K.B.E.,  C.B.,  F.R.S.,  In 
recognition  of  his  pioneering  efforts  In  developing  the  turbojet  engine  In 
the  30'a  and  AO's.  A sunxnary  of  Sir  Frank’s  Invited  speech  at  the  special 
f luncheon  Is  Included. 

: U4  .t.  \ <.  <3 

Jthe  technical  findings  of  tne  jCbnference  on  the  pollutants  of  Interest  ; 
la  a subject  area  still  In  the  throes  of  evolution,  can  be  summarized  as:  

."'VYi-)  Hydrocarbons  (HC)  r„"  In  view  of  the  complex  nature  of  the  relation- 
ship between  HC  and  the  photochemical  oxidant  problem.  It  appears  that 
aircraft  as  a source 'caonot  be- considered  In  Isolation.-  THe^must  be 
viewed  along  with  other  sources  In  the  reglonj 

{ 2)  Carbon  Monoxide  (CO)  ri~  General  aviation  aircraft  appear  to  make 
little  contribution.  With  regard  to  other  aircraft,  periods  and  areas 
of  Intense  activity  (ramp  and  queuing  areas,  automobile  access  road- 
ways, vicinity  of  buildings  and  terminals)  may  give  rise  to  ^hot^  spots. 

3)  nitrogen  Oxides  (NOx)r..~The  NOx  Is  emitted  as  nitric  oxide  (NO) 
along  the  runway.  The  problem  may  be  quite  local  and  Its  severity  ap- 
pears to  be  linked  to  the  levels  of  ozone  In  the  airport  vlclnltyj  ^ j 

f'^A^  Particles ; Particle  emissions  do  not  appear  to  be  a problem 
except  for  possible  effects  on  visibility  around  airports. 

I take  this  opportunity  to  acknowledge  the  debt  I owe  to  J.  Stuart  Jamison 
(Federal  Aviation  Administration),  David  L.  Henderson,  Harvey  Kinston, 

M.  Stuart  Krelscher,  David  Sargent,  and  James  D,  Spart  COfflce  of  the  Secretary 
of  Transportation),  without  whose  valuable,  uncomplaining  and  unstinted  help 
the  Conference  would  never  have  taken  place. 


I owe  special  thanks  to  Charles  Jones  of  the  Federal  Aviation  Administration 
for  his  cheerful  readiness  to  execute  whatever  foul  task  I set  him  to;  and  my 
deepest  gratitude  goes  to  Florence  M.  Ormond  of  ORI , Inc.,  without  whose  techni- 
cal competence  and  unfailing  assistance  the  Conference  would  never  have  been 
the  success  It  was. 
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WELCOriING  REMARKS 

John  E.  Wealer,  Conference  Co-Chairman 
Office  of  Environment  and  Energy 
Federal  Aviation  Administration 


Good  morning,  ladles  and  gentlemen.  It  Is  my 
pleasure  to  welcome  you  this  morning  to  the  first 
day  of  a three-day  conference  on  Air  Quality  and 
Aviation:  An  International  Conference. 

My  name  is  John  Wesler,  I am  the  Acting 
Director  of  Environment  and  Energy  of  the  Federal 
Aviation  Administration  In  Washington. 

And  on  behalf  of  the  FAA,  the  Environmental 
Protection  Agency,  the  Department  of  the  Air  Force, 
the  Air  Pollution  Control  Association,  and  the 
Society  of  Automotive  Engineers,  I would  like  to 
welcome  you. 

All  five  agencies  are  Jointly  sponsoring  our 
conference  this  morning.  As  the  title  of  our  con- 
ference Indicates,  our  theme  Is  the  relationship 
between  air  quality  and  aviation. 

Our  purpose  hare  during  these  three  days  Is  to 
examine  aircraft  as  a source  of  air  contaminants 
and  to  examine  airports  as  a location  of  that  pollu- 
tion In  relation  to  the  air  quality.  In  general,  and 
to  Its  effect  on  the  public  health  and  welfare.  In 
particular. 

Thus,  In  effect,  we  are  here  to  examine  the 
state  of  our  knowledge  of  aviation  and  Its  effects 
on  the  air  quality. 

This  Is  not  Just  an  Idle  academic  exercise  for 
us.  Under  the  law,  as  I am  sure  you  know,  the  En- 
vironmental Protection  Agency  Is  responsible  for 
setting  emission  standards  for  aircraft  engines. 


and  the  Federal  Aviation  Administration  Is  respon- 
sible for  enforcing  those  standards. 

We  have  a Joint  Interest  In  deciding  what  Is 
known  and  what  is  not  known  about  aircraft  emissions 
and  their  effect  on  air  quality. 

As  I am  sure  you  know,  last  March  EFA  announced 
Its  Intention  to  reexamine  aircraft  emission  stan- 
dards, which  they  originally  Issued  In  1973.  Our 
three  days  here  are  to  help  In  that  reexamination 
by  EPA  and  the  FAA  together. 

We  also  feel  we  are  trying  to  carry  out  Presi- 
dent Carter's  policy  on  Federal  regulations,  which 
he  Issued  some  time  ago.  Very  quickly,  he  has 
directed  Federal  agencies  to  make  certain  that  any 
regulations  they  Issue  are  simple  and  clear,  achieve 
legislative  goals  effectively  and  efficiently,  and 
do  not  Impose  an  unnecessary  burden  on  any  group- 
industry,  the  public,  consumers,  any  group  at  all. 

During  the  three  conference  days  we  look  to  you 
to  help  us  to  do  that.  We  look  forward  to  your 
expert  guidance. 

We  ask  you  to  pay  special  attention  throughout 
the  conference  because  Wednesday  afternoon  during 
the  panel  discussion  we  will  have  a test  for  you. 

Our  chairman  this  morning  Is  George  Kittredge, 
As  I am  sure  you  know,  Mr.  Kittredge  Is  Senior 
Technical  Advisor  In  the  EPA's  Office  of  Mobile 
Source  Pollution  Control. 
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AIR  QUALITY  AND  EMISSION  STANDARDS  - GENERAL 


Chairman:  G.  D.  KIttredge 

Environmental  Protection  Agency 


MEASUREMENT  AND  ANALYSIS  OF  AIRPORT  EMISSIONS 


Major  Peter  S.  Daley,  Detachment  1,  Armament  Development  Test  Center 
United  States  Air  Force,  Tyndall  AFB,  Florida 

Major  Dennis  F.  Naugle,  Dept  of  Environmental  Sciences  and  Engineering 
University  of  North  Carolina,  Chapel  Hill,  North  Carolina 


ABSTRACT 

This  paper  is  of  interest  to  those  involved 
in  regulation  and  analysis  of  aircraft  related 
air  pollution  problems.  USAF  efforts  to  measure 
and  model  airport  pollution  are  summarized. 
Efforts  include;  (1)  a joint  EPA  study  at 
Williams  AFB,  AZ  v/hich  involves  both  modeling 
and  measurement,  (2)  photographic  studies  to 
track  plume  rise,  (3)  theoretical  modeling 
r.tudies  to  analyze  airport  pollution.  The 
author  concludes  that  the  Williams  study,  soon 
to  be  completed,  will  greatly  aid  in  determining 
the  accuracy  of  airport  air  pollution  dispersion 
models,  that  air  quality  modeling  studies  have 
shown  that  state-of-the-art  Air  Force  engines 
cannot  be  cost  effectively  modified  to  reduce 
pollution  except  possibly  in  the  hydrocarbon 
area  and  that,  at  present,  unpredictable  thermal 
plume  rise  of  aircraft  exhausts  renders  model 
ineffective  at  locations  close  (<1  km)  to  the 
source. 


INTRODUCTION 

The  issue  of  airport  pollution  is  of  great 
concern  to  the  international  aviation  community. 
Today  we  stand  at  a decision  point  critical  to 
this  issue.  The  direction  we  take  could  have  a 
major  effect  on  engine  designs  and  costs.  The 
decision  is  not  an  easy  one.  Data  collected 
through  extensive  airport  pollution  measurement 
programs  have  not  clearly  demonstrated  the 
influence  of  airports  on  the  environment. 
Although  air  pollution  dispersion  modeling 
studies  have  not  been  fully  accepted  as  pre- 
dictors of  airport  air  quality,  many  have 
indicated  a small  impact  for  most  pollutants. 
Reviews  of  both  measurement  and  mudeling  have 
been  published.  In  March  of  this  year,  the 
United  States  Environmental  Protection  Agency 
published  a comprehensive  review  of  past  work 
to  assess  the  air  quality  impact  of  a commercial 
aircraft  (Reference  1).  A 1975  Federal  Aviation 
Administration  review  of  modeling  assessment 
techniques  presents  a comprehensive  look  at  all 
but  the  most  recent  developments  in  airport  air 
quality  modeling  (Reference  2).  These  studies 
have  outlined  strengths  and  shortcomings  of  both 
measurement  and  modeling  techniques.  The  fol- 
lowing discussion  will  briefly  address  some  of 


of  the  is, sues  identified  in  these  reports  and 
review  several  Air  Force  programs  which  are 
dedicated  to  resolving  the  outstanding  problems. 

MEASUREMENT  PROGRAMS 

Major  airport  air  quality  measurement  programs 
have  been  conducted  at  several  sites  since  passage 
of  the  1970  Air  Pollution  Control  Act.  These  have 
generally  been  conducted  in  conjunction  with  com- 
puter modeling  studies  in  an  attempt  to  verify 
modeling  techniques.  The  studies  have  all  suffered 
from  the  inability  to  clearly  separate  the  airport 
and  background  urban  pollution  components.  For 
this  reason  the  US  Navy,  Environmental  Protection 
Agency  and  Air  Force  joined  together  to  measure  and 
ii.'tdel  pollution  at  an  active  military  air  base 
located  far  enough  from  urban  centers  so  that  the 
urban  plumes  would  not  obscure  aircraft  emissions. 
The  base  chosen  was  Williams  AFB,  Arizona,  40  miles 
east  of  Phoenix.  Table  1 compares  Williams  opera- 
tional frequency  and  emissions  with  Chicago  O'Hare 
and  Pittsburgh  airports.  The  high  activity  level 
at  Williams  is  due  to  its  mission  as  a major  pilot 
training  base.  The  primary  aircraft  operated  there 
are  the  T-37  and  T-38  trainers  powered  by  J-69  and 
J-85  engines,  respectively.  Both  engines  antedate 
any  pollution  control  efforts,  and  the  latter  is  a 
particularly  large  carbon  monoxide  emitter.  Air- 
craft at  Williams  account  for  approximately  60 
percent  of  the  carbon  monoxide  atmospheric  concen- 
tration in  the  vicinity  of  the  base.  Because  of 
these  high  carbon  monoxide  emissions  and  its 
relative  ease  of  measurement,  carbon  monoxide  was 
the  best  pollutant  choice  for  emission  tracking  in 
this  study. 

The  field  phase  of  the  study  lasted  thirteen 
months  and  cost  approximately  $870,000.  Table  2 
delineates  the  Instrumentation  used  in  the  study. 
Five  complete  air  sampling  and  meteorological 
stations  were  assembled  and  sited  as  shown  in 
Figure  1.  Data  were  collected  continuously  by  a 
minicomputer  connected  by  telephone  lines  to  each 
station.  Final  data  reduction  was  accomplished 
under  an  Environmental  Protection  Agency  (Las  Vegas 
Environmental  Research  Center)  contract.  As  is 
typical  of  all  ambient  measurigg  studies,  instru- 
mentation operation  was  not  faultless.  Valid  data 
were  recovered  for  more  than  70  percent  of  our 
operating  time;  this  compares  favorably  with 
Environmental  Protection  Agency  (EPA)  expe^'lence 
operating  similar  stations.  The  EPA  does  not  com- 
pile annual  averages  from  stations  with  data 
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recovery  rates  of  less  than  70  percent.  Figure  2 
is  a typical  graphical  display  of  the  preliminary 
results  for  one  month  of  carbon  monoxide  sampling 
at  one  station.  One  hour  average  concentrations 
and  other  results  were  computed  from  one  minute 
samples.  Preliminary  results  indicate  that  the 
base  had  a relatively  small  influence  on  air 
quality.  All  one-hour  carbon  monoxide  readings 
were  less  than  one-half  the  National  Ambient  Air 
Quality  Standard  (NAAQS).  The  mean  one-hour 
carbon  monoxide  level  for  all  stations  was  less 
than  one-eighth  of  the  one-hour  NAAQS.  The 
annual  mean  nitrogen  oxide  concentration  was  less 
than  one-fourth  of  NAAQS  which  is  also  an  annual 
mean.  The  results  indicate  some  short  term 
hydrocarbon  excursions  due  to  aircraft  operations, 
but  the  entire  base  contributes  less  than  one 
percent  of  the  combined  hydrocarbon  emissions  for 
the  base  and  its  immediate  environs. 

One  of  the  questions  that  has  continually 
plagued  measurement  programs  is  whether  or  not  the 
exhaust  plume  passes  over  the  monitoring  station 
undetected  due  to  plume  rise.  The  Air  Force  and 
the  Federal  Aviation  Administration  have 
addressed  this  question  in  two  complementary 
studies,  an  in-house  AF  effort  in  which  smoke 
traced  plumes  were  tracked  photographically 
(Reference  3)  and  a joint  Air  Force  Federal 
Aviation  Administration  study  in  which  carbon 
monoxide  concentrations  were  measured  at  various 
heights  as  plumes  passed  25  meter  towers.  Tne 
final  report  from  the  latter  study  is  now  being 
prepared.  Figure  3 shows  graphical  traces  of 
typical  plumes  photographically  tracked.  It  is 
clear  from  these  traces  that  ground  separation 
can  and  does  occasionally  occur.  The  same  con- 
clusion was  drawn  from  the  tower  studies.  Ground 
separation  occurs  under  unstable  atmospheres  with 
low  winds.  The  conclusion  to  be  drawn  from  this 
experience  is  that  if  ground  measurement  stations 
are  to  be  sure  to  record  aircraft  plumes,  they 
must  be  far  enough  from  the  source  to  assure  that 
the  plume  has  time  to  diffuse  to  the  ground.  This 
distance  is  probably  of  the  order  of  one  kilo- 
meter under  worst  conditions. 

MODELING 

The  Air  Force  began  its  air  base  ambient  air 
quality  modeling  program  in  1972  with  the  adaption 
of  the  existing  Airport  Vicinity  Model,  developed 
by  Argonne  National  Laboratory  for  the  Federal 
Aviation  Administration,  to  military  flying  opera- 
tions. The  resulting  model,  called  the  Air 
Quality  Assessment  Model  (AQAM)  and  also  developed 
at  Argonne,  is  one  of  the  most  comprehensive  air 
quality  models  available.  It  provides  for  up  to 
fifty  aircraft  types  and  a complete  array  of 
mobile  and  stationary  ground  sources.  It  uses 
Gaussian  point,  line  and  area  source  dispersion 
equations  to  compute  the  concentrations  of  the 
five  principal  pollutants  (SOjj,  NOj^,  hydrocarbons, 
carbon  monoxide,  and  particulate  matter)  at  up  to 
389  points.  This  array  can  then  be  used  to  plot 
concentration  contours;  Figure  4 is  an  example  of 
nitrogen  oxide  isopleths.  Hourly  concentration 
predictions  can  be' made  for  any  given  set  of 
meteorological  conditions  or  an  entire  year 


through  the  use  of  a meteorological  subroutine. 

The  AQAM  was  used  to  evaluate  the  impact  of  AF 
flying  operations  on  air  quality  (References  4,  5) 
and  to  evaluate  the  air  pollution  benefit  obtain- 
able by  reducing  emissions  of  state-of-the-art 
engines  to  established  Air  Force  emission  goals 
(Reference  7).  To  put  the  different  pollutants 
in  perspective  in  these  studies,  all  concentrations 
were  reduced  to  PSIs,  the  EPA  Pollution  Standards 
Index  (Reference  6).  Since  PSI  equivalents  were 
not  available  for  nitrogen  oxides  or 
the  California  one-hour  NOx  standard 
and  the  National  Ambient  Air  Quality 
Hydrocarbon  Standard  of  160ug/m^  were  arbitrarily 
set  to  a PSI  of  one-hundred  with  linear  inter- 
polation between  zero  and  one-hundred. 

The  A-10  and  F-15  aircraft  were  selected  as 
typical  state-of-the-art  aircraft  in  the  emission 
goals  study.  The  A-10  is  powered  by  two  General 
Electric  TF  34-100  engines  and  the  F-15  by  two 
Pratt  and  Whitney  F-lOO  engines.  The  former  is  an 
advanced  version  of  the  older  TF-34  turbofan 
series,  and  the  latter  is  the  Air  Force's  most 
recently  developed  production  turbofan  engine  and 
powers  the  F-16  in  addition  to  the  F-15. 

Plotted  in  Figure  5 are  "worst  cases"  (1  m/s 
tail  wind,  "F"  stability,  and  115  m mixing  depth) 
for  positions  5 and  10  km  downwind  along  the  run- 
way centerline.  The  solid  symbols  represent 
emissions  from  current  engines  and  the  dotted 
symbols,  the  PSIs  that  would  be  predicted  if  the  AF 
were  to  retrofit  the  engines  to  meet  the  USAF 
Turbine  Engine  Emission  Goals  (Reference  7).  The 
goals  cannot  be  compared  easily  with  the  recently 
proposed  revisions  to  commercial  aircraft  engine 
emission  standards  (Reference  8)  because  the  latter 
assume  a specific  landing-takeoff  cycle  whereas  the 
former  are  based  on  engine  efficiency  (CO  and  HCs) 
and  combustor  temperature  (NOx).  The  goals,  when 
applied  to  typical  A-10  and  F-15  operations,  will 
comply  with  the  EPA  standards  for  smoke  and  NOx 
but  not  those  for  hydrocarbons  and  carbon  mon- 
oxide. Future  revisions  of  the  goals  will  probably' 
make  them  more  restrictive  for  these  latter  two 
pollutants,  however.  Returning  to  Figure  5,  it  is 
clear  that  the  only  significant  improvement  to  be 
obtained  through  application  of  the  goals  is  in  the 
area  of  reactive  hydrocarbon  (RHC)  control.  For 
SO2  there  is  no  goal,  and  TSP  (total  suspended 
particulate  matter)  and  CO  emissions  are  already  so 
low  that  their  contributions  tc  air  pollution  are 
inconsequential.  For  nigrogen  oxides,  the  con- 
tribution to  air  pollution  for  the  F-15  aircraft 
is  relatively  high;  but  the  improvement  obtainable 
through  achieving  the  goals  is  small.  It  is 
interesting  to  note  that  the  nitrogen  oxide  air 
pollution  contribution  for  the  F-15  aircraft  is 
essentially  the  same  as  that  of  the  much  older  F-4 
it  replaces  in  spite  of  the  much  higher  F-lOO 
engine  pressure  ratio.  This  is  because  the  higher 
NOx  emission  factors  (mass  of  pollutant  per  unit 
mass  of  fuel)  is  compensated  by  the  greatly 
Improved  performance  (shorter  time  on  take-off  roll 
and  climb  out)  of  the  F-15.  Note  that  no  improve- 
ment in  hydrocarbon  emissions  is  shown  for  the  F-15 
because  the  present  engine  meets  the  goals.  The 
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earlier  conclusion  regarding  the  dominant 
importance  of  hydrocarbon  emissions  is  the  most 
important  conclusion  coming  from  this  study;  it  is 
reinforced  by  our  earlier  work  using  AQAM  to 
analyze  the  emissions  of  10  bases  (Reference  4). 

The  foregoing  serves  to  point  out  the  great 
value  of  dispersion  modeling  in  airport  pollution 
analysis.  Only  through  modeling  or  extremely 
costly  measurement  programs  could  the  incon- 
sequential impact  of  the  increased  F-15  nitrogen 
oxide  emissions  be  demonstrated.  Nonetheless, 
modeling  suffers  a number  of  shortcomings.  Per- 
haps the  most  often  cited  problem  is  that  no 
airport  model  has  yet  demonstrated  its  accuracy 
even  though  the  basically  empirical  Gaussian 
models  are  generally  accepted  prediction  tech- 
niques. As  pointed  out  previously,  the  failure 
of  earlier  studies  to  define  the  accuracy  of  air- 
port models  stemmed  primarily  from  the  high  urban 
background  pollution  conditions.  Also,  part  of 
the  problem  was  the  difficulty  in  obtaining 
accurate  operational  data  and  correspondingly 
accurate  meteorological  and  pollutant  measurement 
data  to  assure  that  the  accuracy  being  assessed 
was  that  of  the  model  and  not  that  of  the  field 
data  collection.  A major  effort  was  made  at 
Williams  to  assure  that  field  data  collection  was 
not  the  limiting  factor.  Argonne  National 
Laboratory  is  now  in  the  process  of  comparing  the 
extensive  data  collected  during  the  Williams  AFB 
test  to  predictions  made  using  the  AQAM. 

Another  problem  with  dispersion  models  is 
that  they  cannot  accurately  predict  pollution 
concentrations  near  buildings  and  other  obstruc- 
tions. This  is  especially  important  in  attempts 
to  assess  the  environmental  impact  of  carbon 
monoxide  in  the  vicinity  of  air  terminals.  The 
plume  rise  observations  discussed  earlier 
aggravate  the  problem  further  since  most  existing 
aircraft  models  do  not  include  plume  rise  com- 
putations. No  reasonable  solution  to  this 
problem  exists,  and  measurement  appears  to  be  the 
only  practical  method  to  assess  airport  air 
pollution  close  to  the  terminal. 

CONCLUSIONS 

The  Air  Force  is  engaged  in  a variety  of 
studies  to  aid  in  the  assessment  of  the  airport 
pollution  problems.  The  Williams  AFB  pollution 
measurement  and  modeling  study  now  being  com- 
pleted will  provide  the  most  extensive  airport 
measurements  not  completely  obscured  by  background 
pollution.  Comparison  of  the  results  with 
dispersion  modeling  predictions  will  provide  a 
valuable  measure  of  the  ability  of  Gaussian  models 
to  predict  airport  pollution. 

The  application  of  the  Air  Force  Air  Quality 
Assessment  Model  (AQAM)  to  the  analysis  of  air 
base  pollution  has  show.,  that  the  most  beneficial 
air  pollution  control  investment  the  Air  Force  can 
make  is  in  the  field  of  hydrocarbon  emission  con- 
trol. The  use  of  the  Pollutant  Standards  Index 
(PSI)  as  a common  base  to  compare  predicted  con- 
centrations of  various  pollutants  was 


instrumental  in  reaching  this  conclusion  and  could 
greatly  facilitate  analysis  of  the  commercial 
aviation  pollution  problem. 

The  rise  of  a turbine  engine  plume  due  to 
thermal  bouyancy  can  occasionally  cause  ground 
pollutant  measurement  stations  close  to  the  air- 
craft to  completely  miss  a passing  plume.  This, 
together  with  the  inability  of  Gaussian  models  to 
predict  concentrations  close  to  obstructions, 
precludes  their  applicability  to  pollution  pre- 
diction in  the  vicinity  of  airport  terminals. 
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TABLE  ^ 


ANNUAL  OPERATIONS/EMISSIONS  FOR  AIRCRAFT  OPERATIONS 


C0'H(9) 

P(9) 

WAFB 

Landing  and  Takeoff  Cycles, 
thousands 

345 

145 

155 

Emissions,  Metric  Tons 

Nitrogen  Oxides 

4138 

883 

120 

Hydrocarbons 

8674 

863 

1416 

Carbon  Monoxide 

14009 

262 

4255 

Legend: 

CO'H  - Chicago  O'Hare 
P - Pittsburgh 
WAFB  - Williams  AFB 


TABLE  2 

WILLIAMS  AFB  FIELD  STUDY 

Parameter  Measured  Method 

NO,  NOx  Dual  reaction  chamber  chemi- 

luminescent analyzer 


Total  hydrocarbon,  Gas  chromatograph  with  flame 
CH4,  and  CO  Ionization  detector 

Nephelometric  Integrating  nephelometer 

visible  light 

scattering 


Wind  speed  and  Propeller  vane  anemometer 
wind  direction 


*M1xing  depth 
*Isolation 
*Vert1cal  winds 
‘Measured  at  only 


Monastatic  acousting  sounder 
Pyranometer 

UVW  propeller  anemometer 
one  location 
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BISCUSSION 

KITTKEDGE:  Within  EPA  we  are  concerned  over  the 
relatively  elower  rate  of  progress  Iti  meeting  the 
nationwide  oxidant  standard  as  opposed  to  some  of 
the  others,  and  this  certainly  has  a bearing  on  our 
desire  to  achieve  all  possible  control  from  rela- 
tively minor  sources  of  hydrocarbons,  such  as  air- 
craft. 

DOWNIE:  Did  you  measure  the  stability  of  the  lower 
atmosphere?  I didn't  notice  that  In  your  meteoro- 
logical findings.  ' 

NAUGLE:  Are  you  referring  to  the  plume  rise 
experiments? 

DOWNIE:  Plume  rise  as  wall  as  any  other. 

NAUGLE:  Yes.  In  both  cases,  a different  type  of 
yes.  We  collected  the  normal  parameters  and  com- 
puted the  Turner  type  A.B.C.D.E.F  stabilities  for 
plume  rise,  and  we  do  have  those  available. 

The  looping  plumes  that  you  did  see  were 
stabilities  A and  B.  Moat  of  those  were  closer  tc 
neutral,  a D-stablllty. 

For  the  Williams  ambient  temperature  projects 
we.  of  course,  can  and  will  compute  Turner  stabili- 
ties. We  do  have  aosM  AT  measurements  and  some 
measurements  to  use  In  deriving  other  types  of 
stability  Information. 

DOWNIE:  In  discussing  Figure  Two.  which  was  a plot 
of  the  pollution  versus  time.  I think,  at  Williams 
Air  Fores  Bass,  you  mentioned  that  the  city  was  40 
miles  away  and  you  saw  some  effects  In  the  evening. 
There  was  an  evening  maximum  of  some  of  the  plumes. 
Was  the  transport  of  sir  mass  right  for  this?  Was 
there  good  correlation? 

NAUGLE:  No.  It  Is  perhaps  due  to  the  Phoenix 
basin.  It  Is  surrounded  by  mountains,  and  In  the 
evenings  there  are  often  drainage  winds  off  the 
mountains.  Under  these  conditions  we  saw  peaks. 
There  was  often  a very  low  wind  spaed,  and  It  was 
bard  to  determine  any  wind  direction. 

Many  evenings  It  appeared  the  whole  basin 
completely  filled  up,  and,  spatially,  all  places 
In  the  baaln  got  high  readings. 

So,  although  we  have  looked  and  are  still 
looking  for  those  kinds  of  source-to-rcceptor  wind 
directions,  it  becomes  very  complicated  and,  in 
general,  is  not  a straight,  easy-to-def Ine  function. 

LEACH:  Did  you  do  any  calibration  of  the  plime 
rise  to  get  some  Idea  of  whether  the  slope  that  you 
were  using  was  indicative  of  the  actual  pollutants 
that  we  are  interested  In,  such  ss  NOx,  CO.  and 
the  hydrocarbons  and  much  smaller  particles? 

NAUGLE:  That  Is  an  obvious  thing  to  do.  We 
haven't  as  yet.  The  FAA  has  done  some  things  like 
that  in  Dulles  studies. 

The  Air  Force  has  not,  as  yet,  done  that  kind 
of  calibration  with  these  plume  photographs.  I 
hope  we  can.  It  Is  Just  something  we  haven't 
gotten  to  yet. 

DALEY : 1 think  If  you  will  look  at  the  particle 

slxe  distribution  and  Che  particulate  matter  In  the 
smoke  you  will  find  that  It  Is  extremely  ssull  and 
that  any  differential  sett' lag  you  ad^ht  get  Is 


Inconsequential  s'ld  that  the  plume  does  behave  as  a 
homogeneous  mass  of  pollutants  and  particulate 
matter. 

PASQUILL:  The  authors  refer  to  the  plume  rise,  and 
I wonder  If  they  could  say  what,  in  their  view,  we 
have  at  present  as  a basis  for  generalizing  about 
plume  rise  or,  for  chat  matter,  whether  anyone  else 
in  Che  audience  can  say. 

The  point  Is  that  there  Is  a lot  of  theoreti- 
cal work  and  verification  experimental  work  on 
plume  rise  from  power  stations,  for  example,  and 
one  wonders  to  wiuit  extent  one  could  inedlately 
utilize  some  of  the  relations  In  those  cases  In 
order  to  at  least  estimate  an  order  of  magnitude 
In  relation  to  the  amount  of  heat  emissions. 

NAUGLE:  This  Is  a good  question.  There  Is  cer- 
tainly a lot  of  work  to  be  done.  We  have  not  done 
it  all,  and  1 certainly  would  not  claim  we  have. 

I would  say  I am  not  quite  sure  how  to  answer 
that.  We  have  related  plume  rises  to  a Holland- 
llke  equation.  I am  not  sure  If  I fully  understand 
the  question. 

PASQUILL:  You  partially  answered  it  when  you  said 
you  related  It  to  a Holland  equation.  I thought 
you  would  have  related  It  to  a Briggs  equation, 
which  la  buoyancy  dominated. 

NAUGLE:  It  appears  that  our  plume  Is  now  also. 

I don't  have  any  slides  or  results.  We  have  done 
preliminary  types  of  calculations,  but  I haven't 
In  my  own  mind  formulated  any  conclusions  to  give 
you  an  answer  now. 

It  Is  certainly  an  area  where  your  expertise 
could  be  helpful.  Perhaps  Argonne  Has  something 
to  contribute. 

YAMARTINO:  We  have  dune  soiae  evaluations  using  the 
CO  data  that  was  taken  with  the  tower  array  at 
Dulles  Airport,  and  we  have  Just  submitted  a paper 
to  the  AMS  Reno  Meeting  on  plume  rise.  We  compare 
a best  fit  to  the  concentration  profiles  with  what 
we  get  from  a combination  of  a sort  of  Gaussian 
dispersion  mechanism  and  a Briggs  two-thlrds-power- 
law  rise. 

We  find  that  It  Is  consistent  with  the  two- 
thlrds-power  law  and  the  magnitude  of  the  rise  is 
roughly  about  half  of  what  you  get  if  you  Just  used 
the  heat  flxix  as  you  would  compute  It  from  the 
engine. 

In  other  words,  there  Is  probably  additional 
entrainment  or  something  that  is  cutting  the  plume 
rise  down  to  this  factor  of  two  below  what  you  get 
from  a straight  Briggs  calculation. 

GOLDBERG:  In  your  summation,  you  used  NOx  and  N02 
interchangeably.  Did  you.  In  fact,  measure  both? 

In  your  computations  did  you  assume  that  all  the 
NOx  ''aa  NO2  or  did  you.  In  fact.  Include  the  reac- 
tions that  may  take  place? 

NAUGLE:  We  did  measure  both  at  the  Williams  study. 
For  the  modeling  exercises  and,  therefore,  the  last 
chart  I showed  you,  we  assumed  that  all  NO  has  been 
converted  to  NO2,  because  we  know  that  most  of  the 
emisslo.i  at  the  exit  plane  Is  In  the  NO  form. 

This  Is  not  necessarily  a good  assumption.  It 
would  be  more  in  the  order  of  a worst-case  assump- 
tion. Any  reactivity  time  constants  would  only 
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result  In  lowering  the  curve  Chat  you  saw  from  the 
modeling  experiment. 

GOLDBERG:  Did  you  see  a big  difference  between 
your  NO  and  NO2  measurements? 

NAUGLE:  Yes.  I am  going  through  13  months  of  data, 
and  It  is  hard  to  get  a definitive  answer.  On 
occasion,  we  saw  big  differences,  but  I don't  know 
If  we  can  draw  general  conclusions  yet.  Conclu- 
sions will  be  developed  by  Argonne. 

LINDENHOFEN:  You  Indicated  that  the  biggest  prob- 
lem Is  hydrocarbons.  Have  you  considered  whether 
controlling  hydrocarbons  In  the  combustion  process 
may  cause  CO  levels  to  go  up? 

NAUGLE:  Although  there  Is  a potential  for  that 
happening,  In  general,  the  control  of  hydrocarbons 
will  lower  CO.  1 know  that  Is  not  always  the  case. 

What  we  are  suggesting  Is  that  the  CO  parame- 
ter Is  not  a real  significant  parameter  to  be  used 
as  a constraint. 

1 would  much  rather,  based  on  our  modeling  and 
measurement  results,  try  to  see  that  we  lower  hydro- 
carbons to  the  maximum  degree.  If  CO  Increases,  It 
has  to  Increase  many,  many  fold  In  order  for  there 
to  be  any  significant  environmental  Impact. 

DALEY;  1 might  add  another  comment  on  the  CO  prob- 
lem. The  environmental  Impact  of  CO  as  an  ambient 
air  pollutant  has  to  be  separated  from  the  close-ln 
Impact  of  CO,  which  Is  an  Industrial  hygiene  prob- 
lem for  the  people  working  In  and  around  Che  air- 
craft. There  are  tremendous  differences,  both  In 
Che  standards  you  are  contending  with  and  the 
levels  obtained,  when  you  get  very  close  to  aircraft 
operations.  In  our  modeling  operations  we  don't 
attempt  to  address  that. 

NAUGLE:  There  are  differences  between  the  Air 
Force's  conclusions  and  what  might  be  Che  civil  air- 
port conclusions. 

KITTREOGE:  This  Air  Force  study  lias  taken  some  four 

years.  If  I remember  right,  from  gestation  to  now, 
and  the  Information  Is  going  to  be  extremely  timely, 
and  certainly  will  be  considered  by  us  (EFA)  with 
great  seriousness  In  our  move  toward  aircraft 
standards. 
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ABSTRACT 

Studies  have  been  conducted  to  assess  the  ade- 
quacy of  current  aircraft  emissions  standards  and 
to  determine  needs  for  future  emission  controls  on 
commercial  aircraft.  A question  of  primary  concern 
which  lias  surfaced  during  these  studies  Is  the 
Impact  NO^  emissions  from  these  aircraft  have  on 
ambient  air  quality.  This  paper  has  been  prepared 
to  outline  what  is  presently  known  about  NO2  air 
quality  impacts  from  commercial  aircraft. 

ON  A NATIONWIDE  BASIS,  commercial  aircraft  contrib- 
ute only  a small  percentage  (less  than  1%)  to  the 
total  NOj^  emissions.  Even  on  a smaller  geographi- 
cal area  basis,  such  as  an  air  quality  control 
region  (AQCR)  , the  contribution  of  NOjj  emissions  by 
aircraft  to  the  total  atmospheric  loading  in  the 
area  is  generally  less  than  1%.  Table  1 displays 
the  aircraft  contributions  to  total  NO^  emissions 
in  several  AQCR's. 

While  the  contribution  by  aircraft  to  total 
NO^  emissions  over  broad  geograpiiical  areas  is 
quite  small,  around  major  airports  a somewhat  dif- 
ferent picture  is  found.  Because  of  the  high  con- 
centration of  aircraft  at  such  airports,  NO,;  eramis- 
slon  densities  In  the  vicinity  of  the  airport  have 
been  shown  to  be  similar  to  emission  densitler.  in 
other  portions  of  the  urb  in  area.  Figure  1,  which 
has  been  extracted  from  (1)*,  provides  an  indica- 
tion of  how  the  NOjj  emission  densities  .it  O'Kare 
International  Airport  compare  with  slm;  lar  emission 
densities  in  the  neighboring  areas.  For  this 
reason,  major  airports  have  been  frequently  thought 
of  as  air  pollution  "hot  spots." 

Around  a major  airport  such  as  O' Hare,  NOjj 
emissions  from  commercial  aircraft  can  exceed  3000 
tons  per  year.  Based  on  this  emission  rate  and  the 
emission  densities,  there  is  a tendency  to  conclude 
that  aircraft  are  a major  source  of  NO^  emissions 
and  therefore  should  be  controlled.  However,  emis- 
sion inventories  from  aircraft  are  based  upon  a so 


Fig.  1 - Nitrogen  oxides  emission  densities  from 
O’Hare  Airport  and  the  surrounding  area 


coiled  landing  and  takeoff  (LTO)  cycle.  Thus,  the 
above  emissions  in  reality  include  all  aircraft  op- 
erations from  ground  level  to  3000  feet.  Therefore, 
the  inventory  procedure  actually  includes  emissions 
which  occur  both  at  high  altitude  and,  generally, 
at  some  distance  from  tlie  airport.  For  example,  In 
a normal  3 degree  approach,  an  aircraft  flying  at 
3000  feet  would  be  over  10  miles  from  the  airport. 
Therefore,  in  order  to  obtain  a more  realistic 
assessment  of  the  air  quality  impart  from  aircraft 
emissions,  it  is  necessary  to  examine  the  various 
operational  modes  (such  as  landing,  takeoff,  taxi, 

*Nuniber3  in  parentheses  designate  References  at 
end  of  paper 


Tflble  1 - PercttntHgc  of  Total  KmiKiitoiiH  f>t  Varlutia  Air  Polluianta  from  Aircraft  Upi'rationa 
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etc.)  undertaken  by  aircraft  in  the  vicinity  of  the 
airport.  Through  such  an  examination,  it  has  been 
found  that  nearly  90Z  of  the  hydrocarbon  and  carbon 
monoxide  emitted  during  the  landing  and  takeoff 
cycle  occur  during  ground  operations  of  the  air- 
craft. However,  because  most  NO  emissions  occur 
during  high  power  settings,  over  80Z  of  the  NO^ 
emissions  occur  during  the  approach,  takeoff,  and 


cllmbout  modes 

of  operation. 

Listed  below  are 

percentages  of 

total  aircraft 

emissions 

from  the 

various  modes  i 

of 

operation  at 

a typical 

large  air- 

port  (Hartsfleld 

International  Airport 

in  Atlanta) 

MODE 

HC 

CO 

NO 

—X 

Start  up 

22.3 

13.5 

1.3 

Taxi  out 

27.2 

23.7 

3.5 

Takeoff 

0.2 

1.4 
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0.4 
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32.2 

Approach 

2.0 

9.0 

25.2 

Landing 

1.9 

2.4 

7.1 

Taxi  in 
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15.9 

2.3 

Shutdown 

3.1 

2.1 

0.2 

APU 

0.3 

2.6 

3.6 

Ground  Serv 

8.5 

24.7 

2.7 

Fuel  refill 

15.4 

- 

_ 

From  this  list  it  can  be  seen  that  nearly  60Z 
of  the  NO^  emissions  occur  during  the  approach  and 
cllmbout  modes  and  consequently  In  effect  are 
emitted  from  a stack  ranging  from  0 to  3000  feet  in 
height.  For  this  reason  it  is  not  valid  to  make 
a one-to-one  comparison  of  NOjj  emissions  from  air- 
craft with  those  from  other  source  categories. 
Likewise  it  is  not  ^ alld  to  base  the  ground  level 
NO^  lemisslon  density  at  an  airport  on  emissions 
which  occur  during  the  total  LTO  cycle.  Thus,  to 
assess  the  air  quality  Impacts  of  NO^  emissions 
from  aircraft,  it  is  necessary  to  model  the  various 
modes  of  operations  and  determine  how  they  collec- 
tively Impact  on  air  quality. 

REVIEW  OF  ANALYSIS  USED  AS  BASIS  FOR  EXISTING  NO 
STANDARDS  * 

It  appears  that  the  primary  basis  for  the 
existing  aircraft  emission  standards  are  contained 
in  a report  prepared  by  the  Environmental  Protec- 
tion Agency  in  1972  (2).  Briefly,  for  NOj^  the 
analysis  contained  in  this  report  consisted  of 
mathematically  modeling  various  modes  of  operation 
for  aircraft  at  several  large  airports.  The  con- 
clusion reached  was  that  very  high  ground  level 
concentrations  of  NO^^  on  the  airport  property  re- 
sulted from  aircraft  operations.  Also,  it  was 
concluded  that  aircraft  operations  could  cause  high 
concentrations  of  NO^  to  be  experienced  in  the  resi- 
dential and  business  areas  surrounding  the  airport 
property . 

Figures  2 and  3 are  Isopleths  of  annual  NO^ 
concentrations  in  1980  as  the  result  of  aircraft 
operations  only  as  projected  from  the  studies  con- 
tained in  (2).  It  should  be  noted  that  the  iso- 
pleths are  for  NOj^,  while  the  national  ambient  air 
quality  standard  is  'for  NO2  (annual  average  concen- 
trations not  to  exceed  lOOjjg/m^).  Since  most  of 
the  NO^  emissions  from  aircraft  are  in  the  form  of 
NO,  the  NOjj  concentrations  shown  do  not  necessarily 
represent  expected  NO2  concentrations,  but  rather 


provide  an  approximation  of  the  sum  of  the  NO  and 
NO2  concentrations.  The  conversion  of  NO  to  NO2 
la  a complex  atmospheric  chemistry  process  and  was 
not  addressed  in  the  above  study.  Consequently, 
actual  NO2  concentration  levels  would  be  expected  to 
be  lower  than  the  NOj^  levels  shown  on  the  isopleths, 
unless  the  oxidation  of  the  NO  to  NO2  occurred  very 
rapidly  (see  below) . 

The  concentration  levels  of  NO^  predicted  in 
(2)  are  strongly  dependent  upon  the  emission  factors 
used  for  the  various  operational  modes.  While  modal 
emission  factors  are  not  presented  in  (2),  yearly 
NOj^  emissions  from  aircraft  are  given.  These  emis- 
sions are  based  upon  the  LTO  cycle  previously  dis- 
cussed. A more  recent  analysis  of  NO^  emissions 
from  aircraft  at  several  major  airports  is  contained 
in  (3).  The  latter  study  takes  into  account  updated 
modal  emission  factors,  mixture  of  different  type 
aircraft  operations  at  the  airport  and  more  recent 
projections  of  future  aircraft  activity  at  these 
airports.  The  results  of  this  latter  study  Indicate 
that  projected  NO^  emissions  from  aircraft  may  have 
been  greatly  overestimated  in  (2).  Projected  NOj^ 
emissions  from  Los  Angeles  International  Airport 
(LAX)  and  O’Hare  Airport  (ORD)  from  (2)  and  (3)  are 
shown  below; 


Klg.  t - tIOji  In  tlin  vlilnity  of  Chi  cago-O'IInrn 

Internnt  liinnl ; aircraft  sourcea  annual  averngi- 
for  1980,  aa  taken  from  reference  2 
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Airport  1980  NOy  EmlBslons  from  Airport 

Reference  2 Reference  3 

LA''  11,490  4,796 

ORD  7,440  6,295 

As  can  be  seen,  NO  emission  estimates  appear 
to  have  been  overestlmal^ed  by  a factor  of  2.4  at 
LAX  and  1.2  at  ORD.  There  are  probably  several 
reasons  for  this  ai)parent  overestlmatlon.  Including 
Improper  emission  factor  estimates,  errors  In  the 
projected  aircraft  activity  levels,  and  Improper 
accounting  for  the  different  type  aircraft  expected 
to  be  operating  at  the  various  airports . 

As  previously  mentioned,  the  mathematical 
model  used  In  (2)  did  not  consider  Che  conversion 
of  NO  to  NO2.  This  was  because  of  the  absence  of 
an  adequate  means  to  account  for  the  conversion. 

Also  Che  model  was  criticized  because  there  was  no 
apparent  attempt  to  validate  the  results  for  NO^^ 

NO-OXIDATION  - The  atmospheric  conversion  of 
NO  to  NO2  Is  a very  complex  subject  and  beyond  the 
scope  of^thls  paper.  However,  It  la  generally 
known  that  the  rate  at  which  NO  la  converted  to  NO2 
Is  dependent  upon  several  parameters.  Including 
sunlight  Intensity, the  rate  at  which  the  NO  Is  mixed 
with  the  surrounding  air,  and  the  presence  of  ozone 
and  other  photochemical  oxidants  In  the  atmosphere. 
During  a smoggy  summer  day,  the  conversion  process 
may  be  very  rapid  and  most  of  the  NO  could  be  oxi- 
dized In  an  hour  or  less.  However,  little  oxida- 
tion of  NO  to  NO2  Is  expected  to  occur  during  the 
night  hours  and  the  rate  of  the  conversion  Is 
thought  to  be  considerably  slower  during  the  winter 
months  than  during  the  summer' months.  Consequently, 
annual  average  NOj^  Isopleths  are  probably  not  very 
representative  of  annual  NO2  levels,  particularly 
those  Isopleths  closest  to  the  source  of  the  NOj^ 
emissions.  For  this  reason  and  because  of  the 
overesulmatlon  of  the  NO^  emissions,  the  actual  NO2 
concentrations  caused  by  aircraft  emissions  would 
be  expected  to  be  considerably  lower  than  the  NO^j 
concentrations  shown  on  the  Isopleth  contained  in 
(2). 

For  a brief  discussion  of  the  oxidation  of  NO, 
we  set  forth  the  following  assumptions/constraints: 

1.  A reasonable  range  of  probable  values  for 
a National  Ambient  Air  Quality  Stmdard  for  HO2  Is 
0.25  to  0.5  ppmV  (470  to  940  ^g/m^)  one-hour 
average  (8) . 

2.  It  Is  not  possible  to  project  achieving 
more  than  a 40  percent  reduction  In  aircraft 
emission  rates  of  NO^,  and  such  a reduction  could 
not  be  realized  prior  to  2005,  with  a linear 
achievement  of  that  reduction  between  1985  and 
2005  (i.e.,  10  percent  by  1990,  20  percent  by  1995, 
etc.  (7). 

3.  Though  some  small  amount  of  aircraft  NO 
emissions  is  In  the  form  of  NO2,  this  amount  Islln- 
slgnlflcant  and  will  be  Ignored,  since  most  of  the 
NOy  is  emitted  at  Idle/taxl  power  settings  where 

emissions  are  almost  negligible  and  NO-oxlda- 
tion  Is  fostered  by  a fuel-rich  mixture. 

4.  The  contribution  of  aircraft  per  se  to 
local  NO  concentrations;  Is  80  percent  of  the  total 
NO^  concentration  at  any  receptor  near  the  airport; 
TfSle  11,(4). 


BRODERICK 

Due  to  the  rapidity  of  the  dispersion  process,  NO^ 
at  the  Immediate  airport  site  (which  Is  caused  by 
aircraft  at  that  site)  must  arise  from  some  rapid 
oxidation  process.  The  predominant  oxidation  pro- 
cess for  NO  to  NO2  conversion  In  a typical  urban 
atmosphere  Is : 

NO  + O3— ►•NO2  + NO2  (X) 

with  a rate  constant  of  about  27  ppm"^  mln“^. 

In  a photochemlcally  active  atmosphere,  this 
reaction  will  proceed  very  rapidly,  and  we  know  of 
no  others  of  practical  Importance  In  this  case.  In 
the  absence  of  competing  reactions,  therefore, 

NO2  + O3  is  a stoichiometric  invariant.  For  our 
purposes.  It  Is  reasonable  to  assume  the  NO  + O3 
reaction  Is  Instantaneous.  On  the  other  hand,  0^ 
replenishment  reactions  require  much  longer  time 
(tens  of  minutes  to  hours)  to  be  of  significance. 
Thus,  as  the  airport  NO^  Is  dispersed,  It  consumes 
all  the  O3  In  the  ever  widening  path  of  Its  plume 
until  the  plume  NO^  concentration  drops  below  the 
ambient  oxidant  level.  At  this  point,  there  Is  more 
oxidant  available  thai\  N0„  to  consume  It,  and  the 
NOj^— •-NO2  conversion  In  the  plume  Is  100  percent. 
(Since  It  Is  not  relevant  to  this  discussion  of 
short-term  effects,  we  ignore  subsequent  photochem- 
ical ozone  production  owing  to  Increased 1NO2,)  This 
phenomenon  Is  well  documented  In  the  study  of  NO2 
production  from  power  plant  plumes. 

For  t'ne  purpose  of  this  discussion,  we  Initially 
draw  on  an  Idealized  concentration-distance  plot  of 
a hypothetical  airport's  contribution  of  NO  to  the 
surrounding  community  (Figure  4).  The  local  oxidant 
level  controls  NO  oxidation  on  the  short  (less  than 
~1  hour)  term,  and  the  maximum  amount  of  NO2  which 
can  be  generated  by  this  process  Is  limited  by  the 
local  ambient  oxidant  value.  In  the  example  shown 
in  Figure  4,  the  airport  NO^  varies  from  a hypothet- 
ical maximum  of  0.23  ppmV  about  0.12  km  downwind  of 
the  airport,  to  very  low  (<0.01  ppmV)  levels 
beyond.  However,  assiunlng  a maximum  local  oxidant 
level  of  0.15  ppmV  (dotted  line),  the  near-alrport 
NO2  resulting  from  alrport-NO  oxidation  Is  held  to  a 
maximum  of  0.15  ppmV.  Thus,  the  cross-hatched  re- 
gion shows  a '"cap"  in  the  airport  near-field,  and 
100  percent  NO2  |yleld  from  airport  NOj^  cannot  be 


Fl|.  4 Rclatlonahlp  ■M>ng  airport  local 

oxidant  and  Maxlaua  alrport-ralatad 
NO^,  va  dtstanca,  for  hypotliatlcal  caac 
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obtained  until  local  airport  NO  concentrations 
have  been  dispersed  to  rt  least  the  level  of  oxi- 
dant. 

For  illustrative  purposes,  Figure  5 schemati- 
cally shows  a highly  simplified  version  of  plume 
centerline  concentrations  of  NO^,  NO,  NO2  and  O3 
for  a case  where  the  exhaust-NOj^  concentration 
(assumed  to  be  initially  100  percent  NO)  is  below 
that  of  the  ambient  O3  level.  Instantaneous  initial 
plume-ambient  air  mixing  is  assumed  to  preserve 
ambient  O3  concentrations  without  diluting  NO 
concentrations.  The  top  sketch  of  Figure  5 shows 
the  progress  of  dilution  of  NO^  as  one  moves  further 
downstream  of  the  exhaust  exit.  Note  that,  since 
the  ambient  O3  amount  was  greater  than  the  NO 
amount  in  the  exhaust,  all  of  the  NO^^  is  assumed  to 
be  instantaneously  converted  to  NO2  (dotted  line, 
top  sketch)  and  no  t!0  is  present  in  the  plume 
(center  sketch).  The  behavior  of  0^  in  the  plume 
is  Illustrated  in  the  bottom  sketch.  Since,  for 
this  case,  tlie  initial  exhaust  fO  concentration 
was  about  75  percent  of  the  ambient  O3  concentration, 
the  plume-center  0.,  is  instantaneously  reduced  to 
about  25  percent  of  its  initial  value.  The  plume 
centerline  Oj  recovers  only  in  direct  relation  to 
the  rate  at  which  the  plume  centerline  NO  concen- 
tration is  reduced  by  dilution. 


Figure  6 shows  similar  sketches,  except  that 
in  this  case  the  exhaust  plume  initial  NO  concen- 
tration is  assumed  to  be  twice  the  ambien?  0^  con- 
centration. For  this  case,  all  of  the  ambient  O3 
on  the  plume  centerline  is  initially  removed 
(bottom  sketch),  but  this  provides  only  sufficient 
oxidant  to  oxidize  50  percent  of  the  plume-center 
NO.  Thus,  the  initial  plume  center  NO2  conc°ntra- 
tion  is  1.0  relative  units  (top  sketch,  dotted 
line),  the  other  half  of  the  plume-center  NO^  being 
in  the  form  of  NO  (center  sketch)  and  the  total  NOjj 
is  2.0  units.  As  the  plume-center  NO^  is  diluted 
downstream  the  NO2  concentration  remains  constant  at 
its  maximum,  and  the  only  effect  of  dilution  is  to 
reduce  the  amount  of  NO  at  the  plume  center,  until 
the  total  plume-center  NOjj  is  diluted  to  the  Initial 
ambient  ozone  level  of  1.0  units.  From  this  point 
on,  all  the  plume-center  NO^  is  in  the  form  of  N02, 
and  the  plume .behaves  like  that  shown  in  Figure  5. 
Thus,  we  have  Illustrated  why  one  can  place  reasona- 
ble bounds  on  the  short-term  jet  exhaust  plume  NO2 
levels:  the  maximum  NO2  concentration  can  be  no 
greater  than  the  ambient  0^  (oxidant)  level. 


o 


Klg.  ) - NO^,  NO,  NO^  and  U.^  cunceiU rat  itnia  va  discanrp  ctovnwim! 
(fur  Initial  < aablent  0^) 


Fiji.  6 - NO^  ^ NO,  NO^  and  cuncant  rat  Iona  va  dlataiica 
downwind  (for  Initial  NO^^  > aablenl  0^) 
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VALIDATION  OF  AIRPORT  MODELS 

In  1974  under  the  sponsorship  of  EPA,  Geomet 
Incorporated  undertook  a study  to  validate  mathe- 
matical models  used  to  assess  the  air  quality 
impacts  of  aircraft  emissions.  Ambient  air  moni- 
toring that  was  collected  at  Washington  National 
Airport  over  a six-month  period  (October  1972  to 
April  1973)  was  used  in  the  Geomet  study.  This 
monitoring  data  Indicated  that  high  levels  of  NO2 
were  being  experienced  at  several  points  on  the 
airport  surface.  Peak  hourly  concentrations  of  NO2 
in  excess  of  600  ^g/m^  were  recorded  at  each  of 
three  monitoring  locations  on  the  airport  property. 
The  average  of  all  recorded  NO2  levels  during  the 
six-month  period  was  180,  IAS,  and  127  ^g/m^  at  the 
three  sites  respectively.  Thus,  it  appeared  that 
there  was  a large  potential  for  violations  of  the 
ambient  NO2  standard  at  each  site.  Unfortunately, 
the  monitoring  data  alone  does  not  differentiate 
between  the  NO2  which  resulted  from  aircraft 
emissions  and  that  which  resulted  from  other  sources 
of  NOv. 

During  the  Geomet  study  (A)  it  was  found  that 
the  predicted  NO^  concentrations  at  the  monitoring 
site  dia  not  correlate  very  well  with  the  measured 
NO2  concentration.  Generally,  at  each  site  the 
models  tended  to  predict  a higher  NO  concentration 
than  the  measured  NO2  levels.  Depending  upon  the 
averaging  time  and  the  particular  site,  predicted 
NOjj  concentrations  ranged  from  3 to  18  times  the 
recorded  NO2 . Over  the  six-month  period,  the 
average  of  all  hourly  NO  concentrations  predicted 
at  the  three  sites  was  about  eiglit  times  the  actual 
measured  NO2  levels.  The  above  results  were 
obtained  using  one  of  the  better  airport  ntfdels 
available. 

The  fact  that  the  available  models  tend  to 
predict  higher  NOj^  concentrations  on  the  airport 
surface  than  the  recorded  NO2  is  not  surprising. 

The  recorded  NO2  cun  result  from  NO  emitted  by 
sources  on  or  near  the  airport  which  remain  in  the 
area  sufficiently  long  to  undergo  the  conversion 
process.  Also,  a portion  of  the  recorded  NO2  can 
be  the  result  of  NO  emitted  at  some  distance  from 
the  airport  which  has  had  sufficient  time  to  under- 
go the  conversion  before  reaching  the  airport 
monitor. 

Unfortunately,  the  study  In  (3)  does  not  go 
into  a detailed  analysis  of  the  monitoring  data  and 
therefore  it  would  be  somewhat  speculative  to  at- 
tempt to  draw  conclusions.  However,  considering 
that  the  wind  direction  during  the  monitoring 
study  was  primarily  out  of  the  nortltwest,  it  would 
appear  that  NO^^  emissions  from  the  metropolitan 
D.C.  area  may  have  contributed  substantially  to 
recorded  NO2  levels. 

Tlie  discussion  in  the  preceding  paragraphs 
becomes  important  because  there  has  been  a number 
of  studies  involving  the  Impact  of  aircraft 
emissions  on  air  quality.  These  studies  have  con- 
sistently shown  that  NO^  emissions  from  aircraft 
cause  very  high  levels  of  NO^^  concentrations  at 
several  points  on  tlie  airport  surface.  However,  as 
one  moves  away  from  the  airport,  these  concentra- 
tions tend  to  drop  off  very  rapidly,  and  except  for 
a few'major  airports  the  NO^  concentrations  caused 
by  aircraft  emissions  appear  to  be  very  low  at  only 
a few  kilometers  beyond  the  airport  property. 


Given  the  rapid  dispersion  of  the  NO  from  aircraft, 
there  is  a potential  tliat  while  pockets  of  high  NO^ 
concentrations  occur  at  local  points  on  the  airport 
surface,  tlie  NO^^  is  in  the  form  of  NO  and  is  greatly 
dispersed  before  it  would  have  sufficient  time  to  be 
oxidized  to  NO2 . This  would  appear  to  be  particu- 
larly true  for  long-term  average  concentrations  such 
as  for  the  current  annual  average  NO2  standard,  • 
which  takes  into  account  NO2  average  during  both  the 
summer  and  winter. 

The  fact  that  NO^  emissions  from  sources  other 
than  aircraft  can  strongly  influence  the  measured 
NO2  levels  on  the  airport  surface  has  been  illus- 
trated in  several  studies.  Figure  7 shows  the 
impact  on  predicted  annual  NO^  concentrations  at 
several  places  on  the  Hartsfield  International  Air- 
port in  Atlanta,  Georgia. _ The  data  on  Figure  7 is 
divided  into  concentrations  caused  by  airport 
sources,  and  that  caused  by  nonairport  sources.  The 
airport  sources  include  aircraft,  ground  service 
vehicles,  heating  plants,  and  airport  access  traffic. 
Note  from  Figure  7 that  except  near  the  end  of  one 
of  the  runways,  and  in  the  aircraft  loading  area 
(high  concentrations  of  aircraft) , nonairport 
sources  contribute  approximately  two  times  more  to 
the  NO^  concentrations  than  do  the  airport  sources. 
Even  in  the  aircraft  loading  area  where  concentra- 
tions of  aircraft  are  high,  nonairport  sources 
contribute  about  5051  to  the  predicted  concentrations. 
The  observations  are  for  this  particular  airport 
because  the  prevailing  winds  tend  to  transport  NO^^ 
from  the  metropi litan  Atlanta  area  and  the  inter- 
state higliway  system  which  surrounds  the  airport. 


lit  I tit  Mt'twit  lon.-i  I Alipitii,  Atlinitii  iiii  ti'ikcn 
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Tills  situation  is  not  too  unlike  that  previously 
noted  for  the  Washington  National  Airport,  and 
gives  credence  to  the  observations  that  the  measured 
NO2  at  Washington  National  may  have  been  strongly 
influenced  by  NO^^  emissions  from  the  metropolitan 
D.C,  area. 

IMPACT  OF  AIRCRAFT  EMISSIONS  ON  SHORT-TERM  NO2  AIR 
quality 

Willie  the  available  evidence  indicates  that  the 
NOjj  emissions  from  aircraft  may  have  only  a small 
impact  on  the  NO2  air  quality  from  an  annual  average 
standpoint,  the  Clean  Air  Act  Amendments  require  the 
EFA  to  determine  if  a short-term  NO2  standard  is 
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needed.  Therefore,  It  Is  prudent  to  examine  what 
Impacts  such  emissions  may  have  on  short-term  NO 
concentrations.  Also,  while  the  time  It  takes  to 
convert  NO  to  NO2  probably  greatly  reduces  the 
Impact  of  aircraft  emissions  on  annual  average  NO2 
levels,  this  impact  may  be  somewhat  less  for  shor- 
ter averaging  times.  This  Is  because  over  a given 
short  period  of  time  proper  conditions  for  more 
rapid  conversion  exist  than  would  be  expected  to 
occur  on  the  average  over  a twelve-month  period. 

In  March  1975  the  Argonne  National  Laboratorv 
completed  a study  In  which  one  of  the  more  modern 
airport  models  was  used  to  study  the  effectiveness 
of  various  strategies  for  controlling  aircraft  ' 
emissions.',  In  this  study,  which  Is  contained  In  (5), 
Hartsfleld  International  Airport  was  used  as  a 
representative  major  airport,  Hartsfleld  la  the 
second  busiest  commercial  aviation  airport  In  the 
country. 

Figure  8 contains  the  predicted  maximum  one- 
hour  average  NO,^  Isopleths  on  the  airport  surface 
that  would  occur  during  the  peak  traffic  conditions 
at  Hartsfleld  Airport  under  normal  operating  condi- 
tions. Two  situations  are  shown,  one  for  the 
summer  and  one  for  the  fall  because  of  different 
meteorological  conditions  normally  encountered 
during  these  time  periods.  The  Isopleths  Include 
estimated  NO^  concentrations  which  would  occur  as 
the  result  of  emissions  from  the  airport  sources 
(about  80S:  of  which  are  aircraft),  all  point 
sources  within  a ten  county  area  around  the  air- 
port, and  all  area  sources  within  20  kilometers  of 
the  airport. 

The  isopleths  in  Figure  8 show  there  are  re- 
latively small  pockets  where  the  NOj^  concentration 
can  exceed  200  ^g/m^.  Within  these  pockets  there 
are  Isolated  points  where  the  projected  concentra- 
tion could  reach  450 

Although  no  national  short-term  NO2  standard 
has  yet  been  established,  the  World  health  Organi- 
zation (WHO)  has  provided  some  recommendations  for 
such  a stand  ird.  The  range  of  the  WHO  recommended 
standards  are  190  to  320  hourly  average  not 

to  be  exceeded  more  than  once  per  month.  Even  with 
an  Instantaneous  100%  conversion  of  the  NO  to  NO2, 
a person  would  have  to  remain  within  a relatively 
small  area  at  the  Hartsfleld  Airport  for  more  than 
one!  hour  to  be  exposed  to  NO2  levels  In  excess  of 
the  lowest  of  the  WHO  recommended  short  standards. 

The  Argonne  study  also  Investigated  a hypothe- 
tical worst  case  situation  which  Included  a very 
low  sp'.ed  wind  directed  such  that  the  emissions 
from  the  metropolitan  Atlanta  area  were  advected- 
onto  the  airport,  a very  low  mixing  height.  Class 
5 atmospheric  stability,  and  ground  operating  con- 
ditions such  that  aircraft  queue  lengtiis  (such  as 
waiting  for  departure)  were  four  times  above  normal. 

The  results  of  the  modeling  for  the  worst  case 
condition  Is  shown  on  Figure  9.  This  figure  im- 
plies that  under  very  unusual  circumstances  the  air- 
port could  experience  pockets  of  hourly  average 
NOx  concentrations  In  excess  of  550  ^g/m^.  Within 
these  pockets  there  are  locations  where  the  one- 
hour  average  NOx  concentrf tlons  can  reach  900 
Itg/m  • 

The  Argonne  study  dlJ  not  differentiate 
between  airport  and  nonalrport  emissions  in  con- 
structing the  isopleths  shown  In  Figures  8 and  9. 


All  Concentrations  in  ^jg/m*,  1-Hour  Average 


Pig.  8 - I’rpiiififd  NOji  Idiicuntrat  iuns  on  airport  property 
for  nurtnal  conditionH  utt  taken  from  rciurence  5 

However,  an  idea  of  the  impact  aircraft  emlaslons  may 
have  on  the  predicted  concentrations  can  be  obtained 
from  Table  2.  The  data  on  Table  2 shows  the  predicted 
NOx  concentrations  at  several  of  the  receptor  locations 
on  the  airport  for  the  worst  case  situation.  Also 
shown  on  Table  2 are  corresponding  NOx  concentrations 
which  would  occur  if  the  NOx  emicslons  from  aircraft 
were  reduced  by  45%.  The  45%  figure  was  derived  by 
assuming  that  all  aircraft  operating  at  the  airport 
met  the  current  NOx  emission  standard. 

From  Table  2 it  can  be  seen  that  at  the  worst 
receptor  on  the  airport  (which  is  near  the  end  of 
an  active  runway)  a 45%  reduction  in  aircraft  emis- 
sions would  reduce  the  NOx  concentrations  by  about 
19%.  At  other  locations  on  the  airport  pro- 
perty the  45%  reduction  In  aircraft  emissions  has 
very  little  impact  on  predicted  NOx  levels.  Conse- 
quently, for  the  worst  case  situation  examined.  It 
appears  that  NOx  emissions  from  non-airport  sources 
have  a major  impact  on  the  predicted  NOx  levels. 

The  effect  of  the  aircraft  emission  standards 
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for  the  normal  case  can  be  seen  by  comparing  Figure 
10  with  Figure  8.  Through  the  comparison  it  can  be 
seen  that  the  standards  tend  to  slightly  reduce  the 


Fig.  9 - Hreiltctwd  NO^  cotic^ut rat lonB  un  airport  property  for  eurat  oaae 
caae  altuatlou  aa  taken  frun  rafaraiu'a  i 


Table  2 - Impart  on  Maximum  Otte-honr  ConroiUrat  iona 
(pg/ml)  at  Worat  Keoeptiar  SI  tea  ol  a ltt7.  Ke- 
(luetlun  In  NU^  Kmlaalona  from  Airoraft 


Loca^.iou 

Worat  Caac  Condltlona 
U5X  Reduction  in 
liaaelina  Aircraft  KmlaaionH  ‘X 

; Change 

» 

Marking  Lot 

A89.7 

489 . 7 

-0- 

AircruU  Kainp 

S7«  8 

565.  <> 

-2.3 

Delta  Jet  Baae 

29fi.2 

295.7 

-0.2 

Haatern  Hanger 

■152.0 

35 1 . 5 

-0. 1 

General  Aviation  liangerH  A26.9 

462.7 

-0- 

Cargo  Area 

371.0 

371.0 

-0- 

Central  Fire  Station 

330.8 

321.8 

-2.7 

Worut  Receptor 

908.3 

736.4 

-18.9 

size  of  the  pockets  of  high  NO^  concontratlons . 

Also  peak  concentrations  within  these  pockets  are 
reduced,  with  the  amount  of  the  reduction  strongly 
dependent  upon  location  on  the  airport  property. | 

Figure  11  provides  an  Indication  of  the  pre- 
dicted Impact  the  NO,  emissions  from  all  airport 
sources  (about  BOX  of  which  come  from  aircraft) 
would  have  on  the  air  quality  In  areas  around  the 
airport.  Mote  that  for  both  the  winter  and  summer 
cases  there  Is  a small  pocket  which  extends  off  the 
airport  property  In  which  predicted  one-hour 
levels  could  exceed  40  ^g/m^.  Also  It  can  be  seen 
that  the  concentration  of  emissions  from  airport 
sources  diminish  very  rapidly  at  only  small  distan- 
ces away  from  the  airport. 

The  total  NO^  emissions  from  airport  sources 
used  In  the  Argonne  analysis  was  approximately  2600 


All  Concantratloni  In  pg/m*,  1-Hour  Avarag* 
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Fig.  10  - Predicted  NO^  cuni'entrittlonH  on  airport  mn  fHce 
iiu  the  reHult  of  a U^X  reduction  In  emlHNlonu 
from  ulrcratt  (normal  operating  cunditionM) 


tons/yesr  (for  normal  case).  This  Is  about  equiva- 
lent to  a 100  megawatt  power  plant  meeting  the 
current  New  Source  Performance  Standard  (NSPS) . 

Figure  12  provides  a comparison  between  the  predic- 
ted maximum  one-hour  NO^  concentrations  as  a result 
of  airport  sources  at  locations  from  2 to  14  kilo- 
meters downwind  of  the  airport  and  at  similar  lo- 
cations downwind  of  a 100  megawatt  power  plant . For 
thla  figure,  It  was  assumed  that  the  power  plant  met 
the  current  NSPS.  From  the  figure.  It  can  be  seen 
that  from  2 to  14  kilometers  downwind,  the  NO  con- 
centrations from  the  power  plant  are  projected  to 
be  over  twice  that  caused  by  the  airport  sources. 

By  comparison,  a 100  megawatt  power  p)ant  Is  consid- 
ered to  be  a relatively  small  power  plant. 

The  full  application  of  proposed  controls'.  (9) 

Is  seen!  to  have  a calculable'' effect  on  airport 
emissions  levels. 

It  should  be  pointed  out  that  all  the  discussion 
for  the  Hartsfiald  Airport  was  based  on  the  NO^ 
emission  level  for  1973.  There  has  bean  some  growth 
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*■’11  • 12  - ComprtrlHon  of  maxliimm  one-boiir  NO^  ('oncontriit lonu  from 
airport  vourcaH  downwind  of  Hnrtfif leld  Internatiumil 
Airport  with  uimilar  cont'cnt rnt  iotm  downwind  of  a 
100  oMgawatt  power  plant 


In  NO  emissions  from  aircraft  since  this  time, 
both  because  of  traffic  Increase  and  because  of  a 
trend  toward  higher  NO^  emitting  engines.  However, 
It  can  be  seen  from  Figure  1?.  that  the  NOjj  from  air- 
craft could  be  doubled  and  still  nut  have  any  more 
Impact  on  the  area  around  the  airport  than  a 100 
megawatt  power  plant  meeting  the  current  NSFS. 

Also,  It  should  be  pointed  out  that  the  peak  one- 
hour  concentration  for  the  power  plant  Is  1A7 
whereas  the  pcaki  concentration  for  the  airport 
sources  is  452  ^g/m^.  The  452  jjig/m^  value  varies 
on  the  airport  property  and  is  now  shown  on  Figure 
9. 

RECENT  MONITORING  STUDIES  AROUND  MAJOR  AIIU’ORTS 

During  the  time  period  from  May  16,  1976,  to 
June  20,  1976,  extensive  ulr  quality  monitoring  was 
performed  in  Mountain  View,  Georgia,  which  is  u 
small  community  located  Just  off  the  approach  end  of 
the  main  runway  at  Hartsfleld  International  Airport, 
and  directly  beneath  the  flight  path  (airplanes 
overfly  Mountain  View  at  an  altitude  of  125  to  165 
feet.  Recorded  hourly  concentrations  of  NO2  reached 
220  pg/m^  and  during  that  month  the  average  NO2  was 
80  The  results  of  this  monitoring  study  are 

reported  in  (6) . 

The  Mountain  View  monitoring  study  made  no 
attempt  to  define  the  sources  of  the  NO2  and  there- 
fore Is  inconclusive  regarding  the  Impact  aircraft 
emlsaions  may  have  had  on  the  recorded  levels. 
However,  the  peak  NO2  levels  recorded  arc  Just 
slightly  above  the  lower  limit  of  the  VfHO  recommend- 
ed NO2  short-term  standard.  Also  (6)  concludes  that 
It  would  appear  from  the  data  that  there  Is  little 


17 


JORDAN  and  BRODERICK 


chance  that  the  annual  NO2  standard  would  be  vio- 
lated in  the  Mountain  View  area.  It  is,  however, 
interesting  to  note  that  the  modeling  study  pre- 
viously discussed  for  Hartsfield  Airport  (5)  indi- 
cates that  airport  sources  contributed  between  15 
and  30X  of  the  predicted  annual  average  NO^  concen- 
trations in  the  Mountain  View  area.  This  study  also 
fou.  i that  vjith  a growth  which  would  increase  the 
NOy  emissions  from  airport  sources  by  a factor  of 
over  4,  the  annual  average  concencratlon  of  NO^ 
from  airport  sources  in  the  Mountain  View  area 
would  be  about  60  to  70jig/m^. 

Although  unpublished  as  yet,  Che  U.S.  Air 
Force  has  recently  completed  an  extensive  monitor- 
ing study  at  Williams  Air  Force  Base,  Arizona. 
Williams  is  a busy  Air  Force  Training  Base.  Pre- 
liminary analysis  of  this  data  hud  Indicated  that 
recorded  hourly  average  levels  of  N('2  are  very  low, 
approaching  the  detectable  limit  of  the  monitoring 
instrument.  There  are  some  indications  that  these 
recorded  levels  may  have  been  affected  by  plume 
rise,  however,  us  yet  no  final  conclusions  have 
been  reached. 


Firi'URK  GROWTH  IN  NO^  EMISSIONS  FROM  AIRCRAFT 

There  are  strong  indications  that  future  air- 
craft engine  designs  will  tend  to  produce  large 
engines  with  increased  NO^  emission  levels  as  com- 
pared to  present  day  engines.  These  large  engines 
will  tend  to  be  used  on  aircraft  with  hlglier  pas- 
senger capacity  and  thus  on  a per  passenger  basis, 
there  will  probably  be  a reduction  in  NO^  emission 
in  the  future.  However,  growth  in  the  number  of 
passengers  is  projected  to  result  in  an  overall 
increase  in  NO^^  emissions  from  aircraft  in  the  fu- 
ture unless  some  form  of  control  la  imnleroented. 

This  increase  can  range  between  2 to  3 times  current 
NOy  emission  levels  at  the  major  airports  (7). 

With  this  large  increase  in  the  projected  levels  of 
NOjj,  aircraft  emissions  may  have  a much  larger  im- 
pact on  NO2  air  quality,  than  at  the  present  time. 

SUMMARY 

A number  of  studies  have  been  conducted  around 
major  airports  to  assess  the  impact  aircraft  emis- 
sions may  have  on  air  quality  in  the  vicinity  of 
the  airport.  While  over  the  last  few  years,  there 
has  been  substantial  Improvement  in  capability  to 
model  airport  emissions,  as  yet  no  definitive  pro- 
cedure has  been  developed  for  relating  aircraft  NO^j 
emissions  to  NO2  air  quality.  Modeling  studies, 
however,  are  consistent  in  indicating  that  very 
higli  levels  of  NO^  concentrations  can  be  experienced 
at  points  on  the  airport  property  as  a result  of  NOjj 
emissions  from  aircraft.  However,  most  studies  have 
indicated  that  the  NOj^  concentrations  caused  by  air- 
craft emissions  diminish  very  rapidly  at  small  dis- 
tances downwind  of  these  pockets  of  high  N0„. 

At  least  one  study  has  indicated  that  nigh  NO,^ 
concentrations  as  a result  of  aircraft  operations 
con  extend  beyond  the  airport  property  into  neigh- 
boring business  and  residential  areas  at  several 
of  the  largest  airports.  However,  a reevaluation 
of  this  latter  study  has  indicated  that  the  iNO^ 
emission  from  aircraft  may  have  been  overestimated, 
in  some  cases  by  a factor  of  over  2. 

Examination  of  air  quality  monitoring  data 


indicates  that  violations  of  the  annual  NO2  standard 
can  occur  on  the  airport  property.  However,  the 
available  monitoring  studies  do  not  differentiate 
between  the  contribution  of  NO2  caused  by  aircraft 
and  those  caused  by  other  sources.  Some  of  the 
modeling  studies  have  indicated  that  nonairport 
sources  contribute  substantially  to  predicted  NOj^ 
concentrations  on  the  airport  property. 

Because  most  of  the  NOj,  emitted  directly  from 
aircraft  exhaust  is  in  the  form  of  NO  the  impact  of 
aircraft  emissions  on  annual  NO2  air  quality  is  be- 
lieved to  be  considerably  below  that  which  would  be 
predicted  through  modeling  of  ambient  NO^^  concen- 
trations. This  is  because  the  conversion  of  NO  to 
NO2  requires  some  time  to  occur  and  generally  is 
much  slower  at  night  than  in  the  daytime  and  slower 
in  winter  months  than  in  the  summer  months . There- 
fore, the  use  of  NOjj  concentrations  to  predict  an- 
nual NO2  levels  probably  overestimates  the  contri- 
bution by  aircraft  emissions  to  annual  NO^  levels 
on  tlie  airport  property. 

Under  conditions  where  there  is  very  rapid  con- 
version of  NO  to  NO2,  such  as  may  be  the  case  during 
a smoggy  summer  day,  there  are  some  indications 
that  aircraft  emissions  may  cause  high  hourly  aver- 
age concentrations  of  NO2  to  occur  at  localized 
spots  on  or  very  near  to  the  airport  property.  If 
sufficient  amounts  of  the  NO  is  rapidly  converted 
to  NOj,  these  concentrations  may  reach  levels  ap- 
proaching the  lower  limit  of  recommended  WHO  short- 
term NO2  standards.  However,  unless  the  current 
emission  levels  from  aircraft  are  Increased  substan- 
tially, the  available  data  suggest  it  is  very  un- 
likely that  at  the  second  busiest  commercial  airport 
in  the  country,  violations  of  the  recommended  WHO 
standards  would  be  caused  by  aircraft  emissions  alone. 

By  comparison,  the  NO^  emissions  from  aircraft 
at  the  second  busiest  commercial  airport  in  the 
country  are  estimated  to  have  less  Impact  on  NO^ 
concentrations  downwind  of  the  airport  than  would 
a 100  megawatt  power  plant  located  in  the  center  of 
the  airport  and  meeting  the  current  NSPS  for  NOj^. 

Aircraft  emission  controls  appear  to  be  effec- 
tive in  reducing  NO^^  concentrations  at  several  "hot 
spots"  on  the  airport',  property.  However,  at  a dis- 
tance of  2 kilometers  downwind  of  the  Hartsfield 
International  Airport  in  Atlanta,  aircraft  emission 
standards  have  been  projected  to  reduce  maximum  one- 
hour  average  NO  concentrations  by  only  12  ^g/m^. 

This  reduction  becomes  smaller  at  increasing  dis- 
tances from  the  airport  property. 

Because  of  the  general  trend  to  large  engines 
which  emit  more  NO^.  there  are  indications  that 
growth  in  NOj,  emissions  from  aircraft  will  be  st  j- 
stantlal  in  future  years.  In  the  absence  of  emis- 
sion controls,  such  NOjj  emissions  could  Increase  by 
a factor  of  2 to  3 between  now  and  the  year  2000  at 
some  of  the  major  airports'.  This  sharp'  increase  can 
substantially  Increase  the  impact  of  aircraft  emis- 
sion on  NO2  air  quality. 

REFERENCES 


1.  U.S.  Environmental  Protection  Agency,  "An 
Air  Pollution  Impact  Methodology  for  Airports 
Phase  I,"  APTD-1470,  prepared  by  Argonne  National 
Laboratory,  January  1973. 

2.  U.S.  Environmental  Protection  Agency, 


18 


JORDAN  and  BRODERICK 


"Aircraft  Emissions:  Impact  on  Air  Quality  and  Fea- 
sibility of  Control,"  Report  to  Congress,  Undated. 

3.  U.S.  'Environmental  Protection  Agency, 
"Technical  Repot t:  Aircraft  Emissions  at  Selected 
Airports  1972-1985,"  Draft  Report  prepared  by 
Standards  Development,  and  Support\  Branch,  Ann  Arbor, 
Michigan. 

4.  Thayer,  S.  D.,  Pelton,  D.  J.,  Stadsklev, 

G.  H.  , and  Weaver,  B.  D.  , "Model  Verification  - 
Aircraft  Emissions  Impact  on  Air  Quality,"  Geomet, 
Incorporated,  EPA-650/4-74-049 , May  1974. 

5.  Glcillo,  R.  R.  , Tachanz,  J.  F.,  and  Ca- 
maioni,  J.  E. , "An  Evaluation  of  Strategies  for 
Airport  Air  Pollution  Control,"  Argonne  National 
Laboratory,  ANL/ES-45,  March  1975. 

6.  Brown,  K.  W. , Wlersma,  G.  B.  , and  Hester, 

N.  E. , "Investigation  of  Soils  and  Vegetative 
Damage:  Vicinity  of  Hartsfleld,  Atlanta's  Interna- 
tional Airport,"  U.S,  Environmental  Protection 
Agency,  Monitoring  and  Support  Laboratory,  Las 
Vegas,  Nevada. 

7.  "Major  Issues  to  be  Resolved  Regarding  the 
Aircraft  Engine  Emissions  Standards,"  Draft  report 
by  U.S.  Environmental  Protection  Agency,  Office  of 
Air  and  Waste  Management,  Washington,  D.C.,  August 
1977. 

8.  Federal  Register.  Vol.  43,  pg.  12754, 

1977. 

9.  U.S.  Environmental  Protection  Agency,, 
Notice  of  Proposed  Rulemaking,  Federal  Register. 
March  24,  1978,  pg.  12614. 

DISCUSSION 

ROTE:  There  Is  one  po'ut  of  confusion  in  your 
paper.  In  regard  to  the  study  that  was  done  at 
Washington  National,  I believe  you  were  referring 
to  the  study  performed  by  Geomet,  Incorporated,  and 
my  recollection  of  that  study  was  they  did  not 
measure  NO2,  but  they  measured  NO^. 

They  said  they  would  report  the  data  as  MO2. 
This  is  necessary  whenever  you  do  a measurement  in 
parts  per  million  and  you  wish  to  present  the  data 
in  terms  of  mlcrogroms  per  cubic  meter — you  must 
assign  a specific  molecular  weight. 

For  example,  if  you  measure  hydrocarbons  and 
you  want  to  present  your  results  in  micrograms  per 
cubic  meter,  you  very  frequently  present  them  as 
though  you  were  measuring  methane. 

In  the  case  of  the  Geomet  study,  they  measured 
NOy  and,  for  convenience,  used  the  molecular  weight 
of  NO2  in  order  to  convert  from  parta  per  million 
to  micrograms  per  cubic  meter. 

Unfortunately,  that  leads  to  confusion  because 
people  always  see  the  results  written  as  NO2  and 
Interpret  the  study  as  being'' an  NO2  measurement, 
but  indeed  it  is  an  NOj^  measurement. 

As  far  as  I know,  there  were  no  routine  meas- 
uremants  made  of  NO.  X raise  this  point  for  a good 
reason.  Thera  is  a very  important  difference  be- 
tween doing  measurements  for  the  purpose  of  evalua- 
ting Impacts  and  doing  measurements  for  the  purpose 
of  validating  a model. 

At  the  time  the  study  was  performed,  there  was 
considerable  discussion  about  wivt  the  objective  of 
that  study  was. 

EPA  was  p-'Unarily  concerned  with  the  problem  of 
looking  at  impact.  Geomet  was  very  much  coneemed 


with  the  problem  of  model  validation. 

As  a modeler,!  would  like  to  have  seen  measure- 
ments of  NO-NO2.  EPA,  for  its  own  reasons,  and  I 
fully  understand  them,  decided,  no,  NO2  is  the  ob- 
ject for  which  the  standard  is  written  and,  there- 
fore, that  is  the  object  we  should  measure.  But  you 
can  see  the  confusion,  historically,  that  results 
from  that  kind  of  reasoning. 

HUIE:  In  your  figures,  you  seem  to  assume  that  the 
NO  oxidation  is  solely  due  to  the  reaction  with 
ozone.  Was  the  possibility  of  oxidation  of  NO 
through  hydrocarbon  oxidation  chains  also  considered 
or  were  these  eliminated  by  modeling? 

JORDAN:  There  may  have  been  confusion  there.  In 
the  modeling  studies,  no  attempt  at  all  was  made  to 
take  into  consideration  the  conversion  of  NO  to  NO2. 

Generally,  what  they  said  was  it  takes  place 
anyhow  within  an  hour  or  so,  so  the  model  Itself 
does  not  take  into  consideration  any  of  the  mecha- 
nisms that  would  convert  the  NO  to  NO2.  My  point 
was  that  you  must  not  assume  that  because  NO  is 
there,  it  is  going  to  become  NO2.  It  has  to  go 
through  a conversion  process.  The  process  is  most 
rapid  when  there  is  ozone  present.  Some  of  the  other 
conversion  processes  do  occur,  but  they  are  slower. 

Unless  there  is  something  to  prevent  the  dis- 
persion, absolutely  no  wind,  for  instance,  most  of 
the  NO  would  be  greatly  dispersed  before  the  conver- 
sion is  complete, 

D.  SMITH:  1 was  wondering  what  progress  has 
been  made  at  EPA  in  defining  the  critical  receptor 
concept  in  airports.  In  your  Figure  9,  you  indica- 
ted if  cne  set  a naw  short-term  standard,  perhaps 
500  mlcrogroms  per  cubic  meter,  that  that  modeling 
exercise  would  indicate  that  somewhere  on  the  air- 
port property  that  level  would  be  exceeded.  But  is 
that  a critical  receptor? 

JORDAN:  There  is  a major  problem  within  the  Agency, 
and  that  is  trying  to  find  out  what  is  the  ambient 
air  and  whom  we  are  trying  to  protect.  A massive 
study  of  these  matters  will  be  required.  It  will 
be  some  time  before  we  can  determine  whether  to 
set  a standard  based  upon  the  possibility  that 
someone  might  breathe  too  much  NO  at  a particular 
spot  on  the  airport  property. 

If  there  is  a reasonabi e probability  that  the 
general  public  will  be  exposed  to  air  pollutants 
in  excess  of  what  the  medical  people  say  is  a 
health-related  thing,  then  we  would  call  that  the 
ambient  air. 

As  far  as  someone  being  exposed  right  out  on 
the  end  of  the  runway,  when  typically  nobody  is  out 
there,  we  would  probably  pass  the  problem  on  to 
OSHA. 
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ABSTRACT 

A cartxMi  monoxida  maaturamant  program  hat  baen  con- 
ducted at  Seattle-Tacoma  Intamational  Airport  This 
(tudy  wai  urrdartakan  to  invettigata  the  batic  tarwt  that 
airports  contribute  significantly  to  the  detMdation  of  air 
quality  in  and  around  the  vicinity  of  airports.  Initial 
meaaurements  drowed  that  levait  of  carbon  monoxide  on 
the  airport  gioundi  and  in  the  turroundirtg  environs  were 
low  w^en  compared  to  the  one-hour  National  Ambient 
Air  Quality  Standard.  More  recent  measurements  at 
other  airports  indicate  similar  results. 


INTRODUCTION 


Section  231  of  the  Clean  Air  Act,  as  amended  by 
Public  Law  91-604,  directs  the  Administrator  of  the 
Environmental  Protection  Agency  (EPA)  to  "establish 
standards  applicable  to  emiaaions  of  any  air  pollutant  from 
any  class  or  classes  of  aircraft  or  aircraft  ertgines  which  in 
his  judgment  cause  or  contribute  to  or  are  likely  to  cause 
or  contribute  to  air  pollution  whidh  andartgars  the  public 
health  or  welfare." 

Section  231  also  directo  the  administtator  to 
cortduct  a study  of  the  extant  to  which  aircraft  amissions 
effect  sir  quality  throughout  the  Unitsd  Statas  and  of  ths 
technological  feasibility  of  controlling  such  emMons.  A 
study  was  perfonned  and  a report  entittad  "Aircraft 
EmMons:  Impact  on  Air  Quality  and  Feaaibllity  of 
Control"  (Ref.  I)  was  later  pubIWM  by  the  EPA.  The 
EPA  concludsd  that  aircraft  emMons  are  significant 
contributors  to  the  regional  burden  of  pollution  in 
comparison  to  other  eouces  which  will  have  to  be  cont- 
rolled to  meet  National  Ambient  Air  Quality  Stwidards. 
The  data  bass  for  the  EPA  was  compriasd  of  a number  of 
documents  including  'Totential  impact  of  Aircraft 
EmMons  Upon  Air  Quality"  (Ref.  2),  and  "Jet  Aircraft 
EmMons  and  Air  Quality  in  ths  Vicinity  o'*  the  Los 
Angeles  Intemationai  Airport  (LAX)"  (Rof.  3).  In  Refer- 
ence 2 it  is  stated  that  aircraft  amissions  ware  found 
to  be  somewhat  significant  at  receptors  in  "reaiortabie 


access"  areas  (defined  as  areas  to  which  the  gerteral  public 
has  reasonable  access  for  the  averaging  time  specified  in 
the  air  quality  standard  for  the  pollutant).  The  orte-hour 
standard  of  35  parts  per  million  (ppm)  for  carbon  mon- 
oxide was  exceeded  in  "reasonabie  access"  areas  by  as 
much  as  38  ppm  (aircraft  contribution)  at  the  study 
airports. 

The  Northern  Research  and  Engineering  Corpor- 
ation (NREC)  computer  modal  (Ref.  2)  was  questioned 
with  respect  to  accuracy  and  was  further  refined  by 
GEOMET,  Inc.  (Ref.  3).  A mors  recent  report  was 
prepared  by  Argonne  Natiortal  Laboratory  (Ref.  4)  whkJi 
described  ^a  development  of  a computer  modal  used  to 
detsnnine  the  Impact  of  an  existing  or  planrted  airport  on 
the  air  quality  in  its  vicinity.  Part  of  the  Argonne  study 
was  dsimtsd  to  an  air  quality  monitor^  program, 
however,  carbon  monoxida  was  not  included  as  one  of  the 
pollutants  to  be  sampled. 

The  GEOMET  and  Argonne  studies  have  more 
closely  approximated  the  situation,  but  it  is  felt  by  The 
Boeing  Company  diat  CO  monitoring  at  a numltwr  of 
airports  is  necessary  to  further  define  the  picture.  This  it 
in  agreement  with  the  cortclusions  arrived  at  by  Lorartg 
(Ref.  5).  It  would  give  an  enhaiKed  data  bate  for  airport 
CO  levait  at  well  at  provide  information  for  hjture  model- 
ling efforts. 

The  Boeing  Company  sat  out  to  establieh  an  air 
quality  data  bear  for  Seattle-Tacoma  Intamational  Airport 
(SEA)  and  Boeing  Field  Intamatiorral  (BFI)  to  Increnae 
understanding  of  the  effect  that  operating  airports  have  on 
people  at  the  airport  and  in  neighboring  residential  areas. 
Questions  to  be  determined  include  the  following: 

1.  Whet  levels  of  air  quality  axist  on  the  airport 
grounds  and  do  they  exc^  the  allowable  levels 
for  protection  of  public  heelth  and  waifars? 

7 Dc  airports  contribute  to  degradation  of  air  quality 
in  areas  immediately  surrounding  airports? 

3.  How  does  the  air  quality  at  airports  compare  with 
air  quality  in  rseldential,  semi-industrial  areas? 

Sufficient  manpower  was  not  available  for  eight 
houii  of  continuous  monitoring  at  numerous  airport 
ground  and  periphery  sites.  However,  by  picking  rap- 
resentativs  "hot  spots"  (areas  that  would  be  expect'd  to 
have  the  highest  levels  of  CO  present),  oiw  can  investigate 
the  baeic  tenet  that  airports  contribute  significantiv  to  the 
degradation  of  air  quality  in  and  around  the  vicinity  of 
airports. 
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PROCEDURE 

Between  January  19,  1978  and  June  21,  1978,  air 
quality  was  monitored  at  two  airports  in  the  Puget  Sound 
area  of  Washington  State.  The  majority  of  data  was  collect- 
ed at  Seattle-Tacoma  International  Airport.  Carbon  mon- 
oxide and  nitrogen  dioxide  readings  were  taken  in  various 
areas  on  the  airport  grounds.  Carbon  monoxide  levels  were 
also  recorded  in  areas  immediately  adjacent  to  the  airport  in 
an  effort  to  connect  ambient  CO  levels  near  the  airport  with 
CO  produced  by  processes  taking  place  within  the  airport 
grounds. 


The  inital  airport  data  were  taken  in  a "roving" 
sense;  follow  and  study  any  event  or  process  which  could 
lead  to  high  localized  levels  of  carbon  monoxide  or  nitrogen 
dioxide  in  an  effort  to  determine  where  the  "trot  spots" 
might  be.  Commercial  aircraft  emissions,  service  vehicle 
enriissions  and  arterial  traffic  emissions  we'e  stiidied  in  an 
effort  to  determine  what  relative  effect  each  had  on  the 
degradation  of  air  quality.  This  report  will  discuss  only  CO 
test  results  as  an  analysis  of  NO2  data  has  not  yet  been 
completed. 

The  roving  tests  consisted  of  several  segments. 
Using  an  Energetics  Science,  Inc.  Ecolyzer  to  analyze 
ambient  levels  of  carbon  monoxide,  the  area  between 
Renton,  Washington  (Boeing  Airplane  Company  facilities) 
and  Seattie-Tacoma  International  Airport  was  traversed. 
(Renton  is  located  eleven  miles  from  battle  on  the  south- 
ern end  of  Lake  Washington  and  is  included  in  the  Seattle 
Metropolitan  area.)  This  route  includes  one  of  the  most 
heavily  travelled  roads  in  Renton  followed  by  approx- 
im“*'ely  four  miles  of  freeway  (1-405)  whereupon  one 
arri.  « at  the  airport.  Measurements  were  taken  on  the 
return  trip  as  well.  Alternate  routes  were  sometimes  used  in 
going  to  and  coming  from  SEA-TAC  Airport  Nineteen 
roving  tests  have  been  documented  and  the  results  from 
one  test  is  shown  in  Figure  1 (Test  1). 

Test  1 was  run  January  19, 1978  beginning  at  0:20 
a.m.  The  weather  (as  given  by  Air  Traffic  Infomation 
Service  at  Sea-Tac)  was  observed  to  be  overcast  with  clouds 
at  5000  feet.  Reports  indicated  a temperature  and  pressure 
of  51®F  and  29.M  in  Hg  respectively.  Winds  were  5 Knots 
at  360°.  This  translates  to  a Pasquill-Tumer  D stability 
class  situation. 

Renton  automobile  traffic  levels  averaged  14  to  16 
parts  per  million  CO  with  peaks  of  90  ppm  and  40  ppm 
during  heavy  stop  and  go  traffic.  Freeway  levels  were  stable 
at  around  8 ppm  CO. 

Airport  background  carbon  monoxide  levels  were 
observed  to  be  approximately  4 parts  per  million.  A peak 
of  30  ppm  was  .observed  while  fifty  feet  directly  behind  a 
Boeing  727,  returning  to  background  levels  within  one 
minute.  Passing  a DC-10  with  its  auxilliary  power  units 
njnning  gave  a CO  ievel  of  10  ppm. 

Aii  nineteen  tests  of  this  nature  were  taken  to  give 
a better  feei  for  average  ambient  ievels  of  CO,  to  determine 
where  high  levels  would  occur,  and  to  specify  what  would 
be  a good  sample  time  to  achieve  a representative  sample. 

Based  on  results  of  the  roving  tests,  "hot  spots" 
(defined  earlier)  were  selected  which  would  be  most  likely 
to  exceed  National  Ambient  Air  Quality  Standards 


(NAAQS).  Ten  positions  on  the  airport  grounds  were 
picked  (some  as  potential  violators  - some  as  reference 
points  - see  Figure  2).  Also  selected  for  study  were  nine 
areas  located  near  the  airport  grounds  (see  Figure  2). 
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Pig.  1 ■ Roving  test  1,  carbon  monoxide  levels 


The  ten  airport  hot  spots  selected  were  (also  see 
Figure  2): 

1 . East  side  of  terminal 

2.  West  side  of  terminal 

3.  North  end  of  field  - north  holding  ramp 

4.  North  end  of  field  - west  perimeter  road 

5.  Middle  of  east  tax  iway 

6.  East  of  north  satellite 

7.  Northwest  side  of  terminal 

8.  South  end  of  field 

9.  Southwest  comer  of  field 

10.  South  end  of  east  taxiway 

(for  more  detail  see  Appendix  I.) 
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Fig,  2 • Location  of  airport  and  periphery  monitor 
stations  ot  SEA  TAC  Airport 


There  were  two  observers,  each  with  portable 
equipment  for  measuring  carbon  monoxide  leveis.  One 
observer  recorded  measurements  at  eacii  of  the  ten  airport 
stations  whiie  the  second  performed  similar  measurements 
at  the  nine  periphery  locations.  An  InterScan  model  1415 
CO/NOo  analyzer  was  used  for  airport  grounds  measure- 
ments (with  both  CO  and  NO2  being  measured.)  The 
Energetics  Science  Ecolyzer  (CO  Analyzer)  was  used  for  tlie 
periphery  measurements.  Each  observer  sampled  air  quality 
for  12  minutes  at  a nation,  then  moved  on  so  as  to  sample 
his  line  (or  ten)  stations  within  2 to  3 hours. 

The  daily  airplane  departure  data  for  Seattle- 
Tacoma  international  Airport  snows  that  while  the  number 
of  departures  taking  place  is  a strong  function  of  the  hour 
of  day  (see  Figure  3),  the  variability  is  small  from  day  to 
day.  We  may  presume  then  that  our  data  base  is  a function 
of  the  time  of  day  we  obtained  the  data  (along  with  meteor- 
ological influence)  and  not  the  day  of  week.  Hourly  data 
for  the  number  of  departures  and  arrivals  taking  place  is 
shown  in  Table  I.  These  data  show  that  a maximum  airplane 
departure  rate  occurs  between  6:00  and  9:{X)  am.  An 
extended  peak  occurs  between  10:00  a.m.  and  1:00  p.-n. 
with  aircraft  arrivals  and  departures  contributing  an  equal 
amount.  Further,  there  is  a peak  due  to  arrivals  between 
4:00  and  5:00  p.m. 


Weather  obsea'ations  were  obtained  from  the  Air 
Traffic  Information  Service  on  days  and  hours  that  tests 
were  run  and  are  shown  in  Figure  4. 


Fig.  3 - Number  of  aircraft  arrival  and  departure 
operations  per  hour  plotted  against  time 
of  day  at  SEA-TAC  Airport 


Table  1 - Aircraft  Arrivals  and  Departures  Averaged 
According  to  Time 
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Fig.  4 - Weathar  obaarvationt  during  taat  runt  at 
SEA-TAC  Airport 


Data  waa  txjndad  to  the  naxt  highar  wiiiola  num- 
ber to  raflact  instrument  error,  zero  offset  and  linearity 
problems. 

In  looking  at  pariphary  data  (Tabla  2),  ona  dwuld 
note  that  in  only  one  case  doas  the  cwtaon  monoxide  laael 
exoaed  four  pahs  per  million  for  a 12-minuta  sample. 
Obaan/ing  the  continuous  output  to  bo  fairly  constat  in 
addition  to  spot  chocks  which  vaare  frequently  parfonrxad,  it 
is  likely  that  thaae  valuas  are  rapraaentative  of  the  hour 
during  u4rich  they  waro  taken.  With  the  ono4iour  violation 
for  carbon  moiwxida  sat  at  35  parts  par  million  it  becomes 
apparent  that  now^rora  on  the  porlphory  are  poopla  aub- 
jactad  to  lovois  of  carbon  monoxida  which  would  constitute 
a ono-hour  violation. 

An  attampt  was  made  to  correiata  atmospharic 
stability  with  ambient  levels  of  carbon  monoxida.  No 
strong  correlation  was  found.  Tables  2 aitd  3 show  the 
average  CO  lavol  as  a function  of  station. 


Table  2 - Results  from  Periphery  Sutions  in  Parts  per 
Million 
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Table  3 - Results  from  Airport  Stations  in  Parts 
per  Million 


Between  July  7,  1978  and  August  6,  1978  twenty 
tests  were  run  for  dre  three  most  common  atmospheric 
stabilities  (B,C,D).  It  is  expected  that  this  sampling  pro- 
gram will  be  of  one  year  in  duration  so  as  to  give  better 
confIdetKe  laveis  artd  to  eiKompats  any  and  all  seaaonai 
trends  which  might  occur. 

Tabla  2 show . the  '12'minute  averaged  periphery 
carbon  monoxide  levels  at  each  station  on  each  d^  of 
sampling.  Table  3 shows  the  airport  results  in  n corres- 
ponding manner. 

In  order  for  a day's  data  aet  to  be  labelled  as  a fast 
run  it  had  to  fulfill  two  prerequisites:  (1)  bodi  data  sam- 
plers had  to  be  taking  samples  within  rouihiy  the  same  time 
frame  (early  morning,  lata  morning,  early  afternoon,  etc.) 
(2)  the  test  would,  be  void  if  the  weather  dianged  signi- 
ficandy  during  the'tast  run. 
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At  most  of  the  periphery  stations  the  levels  were 
two  parts  per  million  or  less. 

On  the  one  day  where  the  winds  were  found  to  bs 
less  than  three  knots,  the  CO  values  were  seen  to  be  signi- 
ficantly higher  at  most  stations  (see  Figure  5). 

In  another  case  wfien  the  wind  was  from  the  west 
(typical)  the  CO  levels  directly  east  of  the  airport  grounds 
did  not  reflect  any  increase  from  that  observed  directly  west 
of  the  airport  (see  Figure  6).  Station  3 (north  end  of 
runway)  showed  lower  levels  than  studies  at  other  airports 
had  indicated. 


Fig.  5 - CO  concentrations  for  test  8 Jul  / 21 , 1978 
at  SEA-TAC  Airport 


Fig.  6 - CO  Concentrations  for  typical  summer  case 
at  SEA-TAC  Airport 


CONCLUSIONS 

There  were  no  one-hour  CO  violations  found  either 
on  the  airport  grounds  or  in  neighboring  areas  for  the  course 
of  this  study.  The  highest  levels  were  found  at  Ground 
Transportation  Loadin^Unloading  Areas. 

It  was  found  that  the  airport  had  very  little  effect 
if  any  in  areas  immediately  adjacent  to  the  airport.  Also,  air 
traffic  activity  was  not  reflected  in  airport  or  periphery  CO 
levels. 
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Appendix  1 - Station  Deicription  - Sea-Tac  CO-NO2 

Monitoring  Network 

No.  1 The  lower  of  the  two  vehicle  terminal  accees  drives 
hat  lest  air  movement  due  to  the  greater  depth  of 
the  building  canyon  and  the  overhead  pedestrian 
crossings. 

No.  2 The  bus  stop  it  a 8x12x7  foot  plywood  shelter 
which  does  not  cause  any  large  scale  changs  of  air 
motions  in  the  area.  Instruments  are  placed 
on  the  low  wall  just  behind  the  shelter  and  about  6 
feet  north.  There  are  numerous  vehicles  within  50 
feet,  passing  by,  or  stopping  briefly. 

No.  3 Two  stations  at  the  north  end  of  the  field  define 
the  zero  and  moderate  levels  of  aircraft-caused 
pollution.  No.  3 it  on  the  leeward  tide  of  the  utusi 
takeoff  point  and  yields  tome  small  increases  in  CO 
and  NOTlevels  with  each  passing  airplane,  whkh 
are  150-200  feet  away. 

No.  4 Across  from  No.  3,  this  station  has  not  sampled 
any  aircraft  exhaust  because  there  are  few,  if  any, 
takeoffs  on  16  R.  In  addition,  it  it  about  500  feet 
from  the  centerline  of  I6R  (34L).  Low  pollutartt 
levels  were  due  to  lack  of  aircraft  contribution  and 
minimal  auto  traffic  in  the  residential  area  to  the 
west 

No.  5 The  taxiwsy  near  station  No.  6 usually  has  the 
highest  number  of  aircraft  movements  of  any  point 
on  the  airport  Every  airplane  taking  off  to  the 
south  mutt  taxi  by  and  most  of  the  landings  on 
16L  turn  off  on  the  adjacent  broad  ramp  connecting 
I6L  and  the  taxiway.  Automobile  traffic  it  about 
100  feet  away  and  moderate  to  heavy,  serving  the 
air  freight  complex.  Exposure  it  good  all  year 
around. 

No.  6 East  of  the  north  satellite  and  overlook'ng  North 
Entry  Drive,  this  point  is  open  to  any  westerly 
flow  carrying  exhaust  from  United,  Alaska, 
Braniff,  Hughes  and  some  Continental  aircraft 

No.  7 There  are  more  aircraft  movements  here  than  at 
station  No.  6,  with  lest  chance  for  air  movement 
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No.  8 The  south  end  of  the  airport  has  little  contamin- 
ation because  of  the  low  percentage  of  easterly 
components  of  the  wind. 

No.  9 Due  west  of  No.  8 about  1500  feet,  this  station  is 
close  to  some  commuting  traffic. 

No.  10  As  one  of  thu  busiest  spots  on  the  airport,  it  also  is 
nearest  the  transient  aircraft  parking  area. 
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DISCUSSION 

GORDON:  Have  you  made,  or  do  you  Intend  to  make, 
any  statlatlcal  correlations— at  SEATAC  primarily — 
between  aircraft  operation  activity  and  measured 
CO  level,  and  do  you  Intend  to  try  to  separate  the 
contributions  from  aircraft  versus  ground  vehicular 
sources? 

GREENBERG;  Not  rigorously,  no.  We  picked  certain 
stations  because  they  would  be  more  highly  Influ- 
enced by  certain  aspects  of  the  operations  taking 
place  around  the  airport.  At  certain  of  our  alr- 
port''8tatlonB,  for  Instance,  the  airplanes  would  be 
queuing,  ready  to  take  off,  etc.  We  picked  one 
station  at  SEATAC  that  was  highly  Influenced  by  both 
service  vehicle  activity  and  airplane  activity  and 
the  various  satellites. 

We  don’t  plan  to  do  anything  rigorously  to  say 
what  percent  was  contributed  by  what  mode,  although 
we  can  get  a good  Idea  as  to  what  the  Influences 
were  In  the  varying  areas. 

The  InstrusMntatlon  we  used  was  an  Ecolyzer 
and  an  InterScan.  They  give  relatively  Inexact 
answers . 

TESCHEi  You  indicated  that  there  were  significantly 
higher  levels  near  the  Worldway  area.  Could  you 
conment  on  what  that  magnitude  might  be, 

GREENBERG:  Yes.  As  a matter  of  fact,  I can  show 
a foil.  We  were  limited  In  our  time  for  taking 
samples  because  LAX  was  so  busy. 

You  see  significantly  higher  values  In  passen- 
ger loading  and  unloading  areas  from  the  ground 
transportation.  Of  course.  In  SEATAC  you  are  loca- 
ted In  sort  of  a canyon.  You  have  to  conclude  It  la 
all  automotive  traffic  at  SEATAC. 

This  Is  LAX  data.  These  are  only  flve-mlnute 
samples,  but  they  do  give  an  Indication  that  there 
are  somewhat  higher  values, 

JORDAN;  The  last  conclusion  was  that  there  was  a 
correlation  between  the  CO  measured  and  the  aircraft 
activity. 

I think  Howard  Segal  Is  going  to  present  some 
measurements  he  and  I n:ade  at  Lakeland.  We  found 
this  correlation,  too,  near  the  end  of  the  runway 
where  the  aircraft  are  queuing  up. 

There  Is  a correlation  between  the  CO  amount 
and  the  aircraft  activity.  It  Isn't  necessarily 
a bad  problem.  The  levels  we  reported  were  low  and 
we  did  see  this  correlation. 

1 also  wanted  to  polni:  out  that  we  (FAA  and 
EPA)  are  setting  up  an  extensive  monitoring  study 
again  at  Washington  National,  Just  to  observe  what 
we  were  talking  about  here,  for  the  taxiing  and 
queuing  modes.  These  cause  the  biggest  CO  problem. 

GREENBERG:  I might  add  one  Interesting  point.  We 
saw  a lot  of  significant  contribution  from  service 
vehicle  activity.  At  lAX  It  Is  very,  very  conven- 
ient. 

You  can  get  right  out  there  with  the  queue  on 
the  northern  runways,  and  I observed  during  high  ac- 
tivity times.  1 was  no  more  than  200  feet  away  at  a 
point  labeled  "F"  on  the  periphery.  We  had  another 
observer  closer  to  the  aircraft  activity.  We  didn't 
see  any  Increases  on  the  average  at  that  station 
where  we  had  expected  them. 


We  didn't  sen  anything  due  to  queuing  aircraft 
We  could  get  very  close  and  make  good  Judgments  as 
to  what  was  causing  the  problem  because  we  had  a 
fairly  good  west  wind. 
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ABSTRACT 

A particulate  matter  sampler  is  described 
along  with  operational  experience  and  the  data 
obtained  using  the  sampler  on  the  JT8D  and  JT9D 
aircraft  turbine  engines.  The  sampler  acquires 
a sample  of  the  exhaust  particles  emitted  during 
the  ground  operation  of  the  engine  and  permits 
the  characterization  of  tlie  mass  concentration, 
elemental  composition,  par..lclc  size  distribution, 
and  particle  morphology.  Mass  concentration  is 
obtained  gravlmetrically.  Elemental  composition 
is  obtained  by  energy  dispersive  X-ray  and  parti- 
cle size  and  shape  by  electron  microscopy  and 
image  analysis.  Particle  size  data  is  also 
obtained  with  the  Electrical  Aerosol  Analyzer. 

The  sample  la  extracted  from  the  exit  plane 
of  tlie  engine.  The  sampling  probe  geometry 
corresponds  to  the  FAA's  recommended  methodology 
for  gaseous  emission  sampling.  The  extracted 
sample  is  conditioned  througli  dilution  to  minimize 
local  condensation,  particle  deposition,  and 
sample  bias  before  collection  on  substrates  suit- 
able for  analysis. 


THE  PHYSICAL  AND  CHEMICAL  CHARACTERIZATION  of 
particles  emitted  by  aircraft  turbine  engines  has 
not  received  comprehensive  investigation.  There- 
fore, a sampling  system  was  designed  and  con- 
structed to  collect  particles  from  aircraft 
turbine  engines  (1,  2).*  The  sampler  is  speci- 
fically designed  to  collect  representative  samples 
of  particulate  matter  from  the  exlinust  at  the  exit 
plane  of  low  bypass  ratio,  mixed  flow,  and  high 
bypass  ratio  aircraft  turbofan  engines  operating 
in  an  engine  test  cell.  Tliese  engine  types  are 
represented  in  the  current  commercial  fleet  by  the 
JT3D,  JT8D,  and  JT9D  series  of  engines.  The 
sampler  uses  a mixing  type  Sampling  rake,  a 
specialized  aerosol  transport  and  conditioning 
system,  and  sample  collection  near  the  engine  to 
minimize  particle  deposition,  re-entrainment,  and 
agglomeration  during  transport.  A feature  of  the 
sampler  is  the  bifurcation  of  the  extracted 
exhaust  sample  - a large  portion  for  bulk  analysis 
and  a smaller  portion  for  detailed  particle 
characterization. 

SAMPI  ’ R DESCRIPTION 

A flow  diagram  of  the  sampler  is  shown  in 
Figure  1.  A "diamond"  shaped  sampling  rake  mounts 


directly  behind  the  engine  exhaust  plane.  An 
extraction  nozzle  is  located  at  the  midpoint  of 
each  leg  of  the  diamond.  The  four  nozzles  are  even- 
ly spaced  on  an  arc  whose  radius  is  62%  of  the 
engine's  exit  plane  radius.  The  leading  edge  of  the 
nozzle  extends  about  ten  diameters  upstream  of  the 
support  structure.  The  nozzle  diameters  are  0.170 
i 0.008  cm.  The  geometry  of  the  rake  corresponds  to 
that  recommended  by  the  Federal  Aviation  Administra- 
tion (FAA)  for  gaseous  emission  sampling  and  has 
been  shown  to  give  comparable  results  to  a 24 
sampling  nozzle  rake  system  (3).  The  four  sampling 
nozzles  are  manifolded  to  provide  a composite  sam- 
ple. The  manifold  is  connected  to  the  primary 
dlluter  via  a flexible  coupling  that  accommodates 
movement  of  the  engine  during  testing. 

The  function  of  the  primary  diluter  is  to  con- 
dition the  extracted  particulate  matter  sample. 

The  sample  is  cooled  without  passing  through  a dew 
point  and  diluted  to  reduce  particle  agglomeration 
effects.  TIic  unique  design  of  the  diluter  reduces 
wall  losses  and  aids  in  the  preservation  of  particle 
mass  and  particle  size  distribution  (4,  5).  The 
diluter  consists  of  a porous  tube  housed  within  a 
larger  tube.  Clean,  dry,  metered,  compressed  air 
is  delivered  to  tlie  annular  space  at  four  locations 
and  flows  through  the  porous  inner  tube  providing  a 
clean  boundary  layer  that  reduces  particle  deposi- 
tion and  subsequently  mixes  with  the  sample  to 
provide  dilution  and  temperature  control. 

After  conditioning,  the  sample  is  bifurcated. 
The  majority  of  the  sample  is  transported  to  the 
mass  sampling  turret  where  the  particulate  matter  is 
removed  by  filtration  onto  tared  Gelman,  type  AE, 
glass  fiber  filters,  142  mm  in  diameter.  A smaller 
portion  of  the  sample  is  adjusted  in  concentration 
by  a secondary  diluter  similar  in  design  to  tile 
primary  diluter  and  transported  either  to  the  Elec- 
trical Aerosol  Analyzer  (EAA)  for  real-time  particle 
size  distribution  measurement  or  for  collection  onto 
membrane  filters  and  electron  microscope  grids  for 
subsequent  analysis  of  particle  size,  shape,  and 
elemental  composition.  The  membrane  filters  used 
are  0.03  pm  pore  size  Nuclepore  filters,  47  mm 
diameter. 

With  the  exception  of  the  EAA,  the  sampler  is 
designed  for  operation  in  close  proximity  to  an 
operating  turbine  engine.  All  functions  of  the 
bcucpler,  therefore,  are  remotely  controlled  from  a 
centralized  control  panel  that  cun  be  located  up  to 
25  feet  from  the  filtration  units  in  a safe  location 
such  as  the  test  cell  control  room.  The  EAA  con- 

*Numbera  in  parentheses  designate  References  at  end 
of  paper. 
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tlnuously  malfunctioned  in  the  teat  cell  environ- 
ment despite  efforts  to  provide  a suitable  sound 
protection  enclosure.  As  a result,  the  KAA  Is 
operated  In  the  test  cell  control  room. 

Flow  control  valves  for  the  sampler  arc  loca- 
ted downstream  of  the  particle  collection  sites  to 
eliminate  particle  deposition  In  the  valve  assem- 
uly.  This  requirement  Imposed  operational 
constraints  In  the  system  — each  sample  has  to 
b'  acquired  sequentially  and  flow  switching 
pi'ocedures  must  be  carefully  performed  to  prevent 
rupture  of  the  filters.  Also,  because  the 
extracted  sample  flow  from  the  engine  is  not 
measured  directly,  the  primary  dlluter  flow  and 
tlie  total  sample  flow  have  to  be  accurately  deter- 
mined. The  dilution  flow  rates  are  measured  by 
precision  drilled  orifices;  total  flow  is  measured 
with  a hot-wire  anemometer.  The  uncertainty  in 
total  flow  measurement  is  ±0.09  std.  mVhr.  while 
the  dilution  flow  la  repeatable  to  approximately 
±0.1  std.  mVtir.  The  maximum  error  in  the 
extracted  sample  flow  measurement  occurs  at  idle 
power  and  Is  on  the  order  of  102. 

The  turret  assemblies  for  sample  collection 
provide  positions  for  six  filters.  Samples,  thus, 
can  be  acquired  at  five  engine  power  settings  — 
idle,  approach,  cruise,  climh-out,  and  take-off  — 
before  the  engine  needs  to  be  shut  down  and  the 
filters  recovered.  The  slxtli  turret  position  is  a 
dummy  used  during  start-up,  shut-down,  and  while 
power  settings  are  being  changed  and  engine  opera- 
tion stabillised. 

The  sampler  Is  designed  for  isokinetic 
sampling  of  the  exhaust  from  the  JT8D  and  JT9U 
engines  at  power  settings  from  idle  through  cruise. 
At  climb-out  and  take-off  power,  sonic  conditions 
are  approached  at  the  engine's  exit  plane  and 
sampling  at  this  rate  would  cause  severe  flow 
complications  resulting  in  modification  of  the 
extracted  exhaust  particles.  The  flot  through  the 
extraction  nozzles  was,  therefore,  llu'ltcd  to  a 
local  Macli  number  of  0.8.  Extracted  sample  flow 
ranged  from  0.9  std.  m^/hr.  to  ^,8  std.  m*/hr.  for 
engine  power  settings  from  Idle  to  take-off  (6). 

TEST  SITE  AND  DATA  ANALYSIS  I’KOCEDUKES 

The  particulate  matter  sampler  was  operated 
at  United  Airlines'  Sun  Francisco,  Ca. , Mainten- 
ance Facility  on  JT8D  and  JT9D  aircraft  turbine 
engines.  Figure  2 shows  the  sampler  set-up  in  a 
JT9D  test  cell.  Due  to  United's  fleet  needs, 
sampling  time  was  at  a premium  and  several  differ- 
ent engines  were  used  during  the  test  scries.  The 
engines  tested  arc  given  In  Tables  1 and  2 along 
wl  th  data  on  the  mass  emission  rate  and  the 
particle  size  distribution  of  the  exhaust  particles 
as  detennlned  by  electron  microscopy  and  Image 
analysis.  In  addition,  particle  size  distribution 
measurements  were  made  with  the  EAA  and  particle 
shape  was  determined  by  Image  analysis.  Two  fuels 
were  used  during  tlic  test  series,  pearl  kerosene 
(PK),  a high  hydrogen,  low  aromatic  content  fuel, 
and  JET  A,  a standard  commercial  aircraft  turbine 
engine  fuel  with  a lower  hydrogen  and  higher 
aromatic  content.  The  use  of  two  fuels  permits 
the  determination  of  the  effect  of  fuel  composition 
on  emissions.  A single  batch  of  PK  fuel  was  pur- 
chased and  stored  at  United's  facility.  Its 


composition,  therefore,  was  constant  throughout  the 
tests  and  repeatability  measurements  were  possible. 
JF.T  A fuel  composition  varied  during  the  tests. 

All  fuels  were  sampled  and  analyzed;  significant 
data  is  given  in  Table  3. 

Mass  emission  rates  were  determined  by  differ- 
ential gravimetric  analysis.  A Gelman,  type  AE, 
glass  fiber  filter  was  used  to  collect  the  particu- 
late matter  for  mass  determination.  The  filters 
were  weighed  on  an  analytical  balance  before  and 
after  sample  collection  and  corrected  for  shifts  in 
weight  due  to  hygroscopic  effects  with  control 
filters. 

Particle  size  data  was  obtained  by  two  metliods. 
One  method  used,  tlie  Electrical  Aerosol  Analyzer 
(EAA),  provided  a real-time  measure  of  the  particle 
size  distribution.  The  EAA  used  was  Model  3030, 
Thermo-Systems,  Inc.,  St.  Paul,  Mn.  The  instrument 
was  operated  in  accordance  with  the  operating  and 
service  manual  provided  with  the  instrument. 

The  second  procedure  used  for  particle  size 
analysis  was  electron  microscopy  and  image  analysis. 
The  samples, collected  on  Nuclepore  membrane  filters 
or  carbon  coated  electron  microscope  grids  attached 
to  the  membrane  flltertwere  used  in  the  analysis. 

The  electron  microscope  used  was  the  JEOL-IOOC 
analytical  scannlng/trunsmisslon  mlctoscope 
equipped  with  an  energy  dispersive  X-ray  system  for 
elemental  analysis.  After  applying  a tliin  film  of 
gold  to  tlie  filter  surface  with  a Uuiimier  II  plasma 
specimen  coater,  the  samples  were  observed  and 
photographed  in  the  scanning  microscope  at  several 
magnifications  ranging  from  10,000  to  100,000X. 

A magnification  of  30,000X  was  found  to  be  optimal 
for  particle  size  and  shape  analysis.  Particle 
size  and  shape  analysis  were  performed  by  interro- 
gating the  electronphotomlcrographs  with  an  Iraanco 
Quantimet  720  Image  Analyzer.  Particle  size  was 
computed  from  the  area  measurement  of  each  particle. 
The  particle  size  reported,  thus,  represents  the 
diameter  of  a circle  of  area  equal  to  that  of  the 
particle. 

Particle  shape  was  determined  using  the  image 
analyzer  and  interrogating  the  particles  for  their 
urea  and  perimeter.  A two-dimensional  shape  factor 
was  then  calculated  from  the  ratio  A/P*.  This 
ratio  was  plotted  us  a function  of  the  equivalent 
urea  particle  diameter. 

Elemental  composition  of  the  particles  was 
determined  while  the  particles  were  under  observa- 
tion in  the  electron  microscope.  A Kevex  energy 
dispersive  X-ray  spectrometer  coupled  with  tlie 
Tracor/Northem  880  X-ray  analysis  system  was  used. 

RESULTS  AND  DISCUSSION 

MASS  EMISSIONS  — Mass  emission  data  are 
reported  in  Tables  1 and  2 and  plotted  for  the  JT8D 
engine  as  a function  of  primary  air  flow  in  Figure 
3.  The  data  show  an  increasing  emission  rate  with 
power.  The  emission  rate  ranged  from  0.15  kg/hr. 
at  idle  to  a range  of  0.25  to  4.62  kg/hr.  at  climb- 
out  and  0.76  to  1.79  kg/hr.  at  take-off.  Data  for 
the  JT9D  engine  show  a similar  trend  and  the  same 
order  of  magnitude.  However,  primary  air  flows  for 
the  JT9D  engine  are  significantly  greater.  Primary 
air  flows  as  a function  of  engine  power  is  given  in 
Table  A.  With  the  restricted  sampling  time  avail- 
able, 12-30  minutes  depending  on  the  operating  mode. 
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Table  1 — Summary  of  Turbine  bnglne  Sampling  Data  - JT8D 


Sample 

Date 

Engine 

Type 

Engine 

Number 

Fuel 

Operating 

Mode 

Prima ry 
Air 

(kg/sec) 

Particle 

Emission 

(kg/hr) 

Particle  Size 
Distribution’ 

(dg.  urn)” 

(Og)’ 

1/10/78 

JT8D-7 

654957 

JET 

A 

Idle 

16 

0.15 

0.052 

1.7 

Approach 

33 

1.00 

0.086 

1.7 

Cruise 

50 

1.78 

0.081 

1.7 

Climb-out 

61 

2.97 

0.096 

1.6 

Take-off 

68 

0.95 

0.099 

1.7 

4/24/78 

JT8D-15 

648796 

JET 

A 

Idle 

17 

— 

0.042 

1.7 

Approach 

33 

0.30 

0.067 

1.8 

Cruise 

50 

1.03 

0.092 

1.8 

Climb-out 

62 

4.62 

0.088 

1.9 

Take-off 

69 

— 

0.097 

2.0 

4/25/78 

JT8D-7 

648735 

JET 

A 

Idle 

17 



0.043 

1.6 

Approacli 

33 

0.34 

0.054 

2.1 

Cruise 

49 

0.25 

0.069 

2.0 

Climb-out 

61 

0.25 

0.049 

2.3 

Take-off 

68 

0.76 

0.060 

2.2 

6/20/78 

JT8D-15 

696572 

JET 

A 

Idle 

17 



0.042 

1.7 

Approacli 

33 

0.24 

0.06b 

1.7 

Cruise 

50 

1.12 

0.071 

1.9 

Cllrab-out 

62 

0.74 

0.079 

1.6 

Take-off 

69 

1.38 

0.080 

1.6 

4/24/78 

JT8D-15 

648796 

PK 

Idle 

17 

0.032 

1.7 

Approach 

33 

0.08 

0.043 

1.8 

Cruise 

50 

0.24 

0.079 

1.9 

Climb-out 

62 

1.27 

0.075 

1.8 

Take-off 

69 

1.79 

0.077 

1.9 

’obtained  by  electron  miuroocopy  and  imago  analysis 
‘Cieomctriu  mean  particle  diameter 
’Geometric  standard  deviation 


Table  2 — Summary  of  Turbine  Engine  Sampling  Data  - JT9D-3A 


Sample 

Date 

Engine 

Number 

Fuel 

Operating 

Mode 

Primary 

Air 

(kg/sec) 

Particle 

Emission 

(kg/hr) 

Particle  Size 
Distribution’ 

(dg,  um)” 

(g,)* 

1/9/78 

662734 

JET  A 

Climb-out 

99 



0.084 

' 6' 

1.6 

Take-off 

111 

— 

0.117 

1.6 

4/21/78 

663031 

JET  A 

Approach 

62 

0.60 

0.054 

1.8 

Take-off 

111 

2.87 

0.077 

1.8 

6/21/78 

663082 

JET  A 

Idle 

30 



0.041 

1.5 

Approach 

62 

— 

0.047 

1.7 

Cruise 

82 

0.32 

— 

- 

Climb-out 

99 

— 

0.040 

1.8 

6/22/78 

662794 

JET  A 

Cruise 

82 



0.041 

1.7 

Climb-out 

99 

0.22 

0.045 

1.6 

4/21/78 

663031 

PK 

Approach 

62 

1.33 

0.054 

1.6 

Take-off 

111 

— 

0.050 

1.9 

‘obtained  by  electron  microscopy  and  image  analysis 
^Geometric  mean  particle  diameter 
’Geometric  standard  deviation 


29 


STOCKHAM.  LUEBCKE,  and  TAUBENKIBEL 


and  the  low  emission  rates  for  the  JT8D  and  JT9D 
engines,  the  gain  in  filter  weights  were  only  a few 
milligrams.  Additional  testing  with  longer 
sampling  times  are  needed  for  a more  accurate 
determination  of  mass  emission  rates.  Earlier  data 
(2)  collected  from  a TF-30  engine  suggest  the 
sampler  can  reproduce  mass  concentration  data  with- 
in ilZ  at  the  cruise  power  setting  for  this  engine. 
Effects  of  engine  and  fuel  variability  are  discern- 
ible, liowever.  The  JT8D-7  engine,  648735,  gave 
lower  emission  rates  than  the  ocher  engines  and  the 
JT8D-15  engine  tested  with  both  JET  A and  I’K  fuel 
gave  a lower  emission  rate  with  the  PK  fuel. 

PARTICLE  SIZE  DATA  --  Particle  size  data 
obtained  by  electron  microscopy  and  image  analysis 
arc  reported  in  Tobies  1 and  2 and  summarized  in 
Tables  5 and  6.  For  the  JT8D  engines,  operating  on 
JET  A fuel,  the  overage  geometric  mean  particle 
size,  dg,  increased  with  engine  power.  At  idle, 
dg  was  0.045  |lm,  at  approach  dg  was  0,068  pm,  at 
cruise  and  climb-out  dg  was  0.078  pm,  and  at  take- 
off dg  was  0.084  pm.  Particle  siza  Is  influenced 
by  fuel  type;  PK  fuel  gave  smaller  particle  sizes. 
This  is  consistent  with  the  lower  mass  emission 
rate  found  for  the  engine  wlien  operated  on  PK  fuel. 
Also  consistent  is  the  performance  of  JTSD  engine 
648735.  This  engine,  which  produced  the  lowest 
omission  rates,  also  produced  the  smallest  particle 
sizes.  The  geometric  standard  deviations  for  the 
particle  size  distributions  ranged  Prom  1.6  to  2.3. 
Engine  648735  gave  the  widest  distribution  of 
particle  sizes.  Thu  JT9D  engines  gave  similar 
trends  to  the  JT8U  engines,  but  Indications  arc 
that  tile  particles  arc  smaller. 

Particle  size  distribution  data  were  alan 
obtained  wltli  the  EAA.  Typical  data  for  the  JT8D 
and  JT9D  engines  are  plotted  in  Figures  4 and  5. 
Tliese  data  support  tlie  results  obtained  by  tlic 
electron  microscope  and  image  anulysis  measurements. 
Illgtier  power  settings  produce  a greater  concentra- 
tion of  particles  in  all  sizes  ranges  above  about 
0,02pm.  below  3,02pm,  data  is  conflicting  l>ut  tlic 
performance  of  the  EAA  is  known  to  be  erratic  in 
tills  range  (7).  Particle  concentration  for  tlie 
JT8U  engine  is  about  one  order  of  magnitude  greater 
tiian  for  tiie  JT9U  engine.  Tiie  Influence  of  fuel 
composition  on  particle  size  Is  illustrated  in 
Figures  6 and  7 for  the  JT9U  unglue  at  approacii  and 
take-off  power.  At  all  power  settings,  PK  fuel 
produced  fewer  particles. 

PARTICLE  SHAPE  — Particle  siiapo  data  siiowa 
tiie  particle  structure  Is  more  complex  at  cllmb-out 
and  take-off  tiian  at  tiie  lower  power  settings. 
Figures  8 tiirougii  11  illustrate  tills  effect.  Tiie 
effect  Is  evident  from  tiie  piiotograpiis  siiowii  In 
Figures  12  and  13.  As  an  aid  In  interpreting  tlie 
shape  factor,  A/F*,  Table  7 is  presented.  The 
siiape  factor  for  a disc,  tiie  two-dPncnslonal 
representation  of  a sphere,  is  k n or  0.0795.  A 
5-ciiuin  agglomerate  iias  a shape  factor  of  0.0i59; 
a 10-ciiain,  0.0078;  and  a 50-ciiain,  0.00016.  Thus, 
us  the  siiape  factor  decreases  the  particles  are 
less  spiierlcal  and  more  iilgiily  agglomerated. 
(I'enerally,  particles  witii  shape  factors  above  about 

0.03  cun  be  considered  single  particles  trending 
towu’'d  a spherical  shape.  As  siiown  in  Figures  9 
and  11,  the  very  large  exiiuust  particles  iiave  small 


shape  factors  and  are,  thus,  highly  agglomerated. 
Idle  power  produces  relatively  small  particles  of 
simple  shape  while  climb-out  and  take-off  power 
produces  a wider  range  of  particle  sizes  of  more 
complex  shape. 

ELEMENTAL  COMPOSITION  — The  elemental  compo- 
sition of  the  Individual  exhaust  particles  was 
determined  by  energy  dispersive  X-ray  techniques. 

No  spectrum  was  obtained  Indicating  tlie  particle 
composition  Is  essentially  carbon. 

CONCLUSIONS 

The  particulate  matter  emitted  during  tlie 
test  cell  operation  of  the  JT8D  and  JT9D  aircraft 
turhofan  engines  was  characterized  using  a sampler 
designed  expressly  for  tills  purpose.  The  particles 
are  principally  carbon  and  less  than  0.1  pm  in  size. 
Particle  size  increases  witli  engine  power.  At  idle, 
tile  average  geometric  mean  particle  size  was  0.045 
pm  and  at  take-off,  0,097  pm  for  tlie  JT81)  engine 
operating  on  JET  A fuel.  Particle  size  is  Influ- 
enced by  tlie  fuel  composition.  PK  fuel  wltii  its 
lilgiicr  liydrogcn,  lower  aromatic,  and  lilglier  smoke 
point  content  gave  smaller  exliaust  particles. 
Particle  sliapes  arc  more  uniform  and  trend  toward 
sphericity  at  idle;  at  cllmb-out  and  take-off  tlie 
;)urtlcle  structures  are  more  varied  and  complex. 

Tlie  muss  emission  rate  for  tlie  JT8D  engine  was 
0.15  kg/lir,  at  idle  and  ranged  from  0.76  to 
1,79  kg/lir.  at  take-off.  PK  fuel  produced  lower 
emissions  tiian  JET  A fuel.  Variability  among  tlie 
engines  tested  was  noted.  Tiie  limited  data  avail- 
able Indicate  tlie  JT9D  produces  less  particulate 
matter  tiian  tiic  JT81).  Panicle  coiiuontrutlun  data 
allow  approximately  an  order  of  magnitude  difference 
between  tiie  JT8I)  and  JT9D  cnglnus. 

Tlie  results  Indicate  tiiut  tiie  sampler  provides 
a valid  sample  of  tlie  particles  present  at  tlie 
exiiuust  plane  of  aircraft  turbine  engines. 
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Table  6 — Particle  Size  of  JT9D  Emission  as 
Obtained  by  Electron  Microscopy 


Operating 

Mode 

Geometric  Mean 
Particle  Size,  urn' 

Effect  of  Fuel  ( 
Geometric  Mean 
Particle  Size,  | 

.Range 

Aver. 

JET  A 

PK 

Idle 

— 

0.041 

___ 

... 

ApprO'Vh 

0.047-0.054 

0.051 

0.054 

0,054 

Crulsf 

— 

0.041 

... 

Climb  - c 

0.040-0,084 

0.056 

... 

... 

Take  f f !• 

U. 077-0. 117 

0.097 

0.077 

0.050 

*Jt:T  A fuel 


Table  7 — Particle  Shape  Characterization 


No.  of  Particles  in 
Agglomerate  Chain 

Aspect  Ratio  P/d 
1/d  Ratio 

Shape 

Factor 

1 

l!l 

3.14 

0.0795 

3 

3;1 

9,42 

0.0265 

5 

5:1 

15.7 

0.0159 

10 

10:1 

31.4 

0.0078 

50 

50:1 

157 

0.00016 

Table  3 — Significant  Fuel  Analytical  Data 


Analysis JET  A PK 


Hydrogen  Content,  % 13,05-13.65  14.25 

Aromatic.  Content,  7.  17-20  1 

Naphthalene  Content,  % 1,6-2. 5 0.1 

Olefins  Content,  7.  1-2  1 

Smoke  Point,  mm.  20-21  35 


Table  4 — Primary  Air  Flow  as  a Function  of 
Engine  Power 

Primary  Air  Flow  (kg/secl 


Power  Setting 

JT8U 

JT9D 

Idle 

16 

30 

Approach 

33 

62 

Cnilsc 

50 

02 

CUmh-out 

62 

99 

Take-off 

69 

111 

Table  5 

— Particle 

Size  of 

JT8I)  Emlaalon  ua 

Obtained  by  Electron  Microscopy 

Effect  of 

Fuel  on 

Geometric 

Mean 

Geometric  Mean 

Opcj  rutlng 

Particle  Size,  unr 

Particle 

Size,  urn 

Mode 

Range 

Aver, 

JET  A 

PK 

1 die 

0.042-0.052 

0.045 

0.042 

0.032 

Approach 

0.054-0.086 

0.068 

0.067 

0.043 

Cruise 

0.069-0.092 

0.078 

0.092 

0.079 

Climb-out 

0.049-0.096 

0.078 

0,088 

0.075 

Take-of  f 

0.060-0.099 

0.084 

0.097 

0.077 

‘jet  a fuel 
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Prttsura 


Manifold  Rtgulafor  Portlculott 


Fig.  I - Schematic  diagram  of  the  engine  exhaust  particulate  sampler 
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Fig.  2 - Typical  layout  for  FAA  - IITRI  sampler  in  an 
engine  test  cell 
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Fig.  3 - Mass  emissions  for  JT8D  I 

JET  A fuel  1 
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DISCUSSION 

KlTTREDGEi  I might  mention  that  the  general  aubject 
of  particulate  amlaalona  from  englnea  la  beginning 
to  aaaume  larger  importance  In  the  eyes  of  our 
Agency  (EFA)  than  It  perhaps  has  In  the  past. 

I am  thinking  more  at  thla  point  of  diesel 
engines  and  aircraft  gas  turbines. 

DALEY:  I notice  that  the  slides  of  your  photomicro- 
graphs ahowad  «hat  appeared  to  be  rather  large, 
Irregular-ahaped  particles,  The  pore  size,  you  said, 
was  0.3  microns,  I believe. 

STOCKHAM:  0.03. 

DALEY:  The  particles  ware  many,  many  (10  to  20) 
times  the  size  of  the  pore  size,  which  would  make 
the  particles  that  we  ware  looking  at  0.3  to  O.b 
microns. 

This  doesn't  seem  to  fit,  and  I thought  maybe 
you  could  explain  that.  Secondly,  In  combustion 
aerosols  we  usually  have  seen  spherical  chalna,  as 
you  described  In  the  later  portion  of  the  talk,  and 
In  the  photomicrographs  we  saw  rather  large  agglo- 
merates, Irregular  shaped, 

I didn't  see  any,  or  vary  few,  spherical-shaped 
particles.  Thirdly,  was  the  aerosol  electrically 
neutralized  before  It  was  passed  through  the  aerosol 
collection  system  In  the  cell  to  the  EAA  outside 
the  call? 

STOCKHAM:  No,  we  did  not  electrically  neutralize  the 
aerosols  that  passed  through. 

It  want  through  the  double  dilution  stage  and 
than  Into  the  EAA,  Whether  aerosols  should  be  neu- 
tralized should  probably  be  considered  In  some 
additional  work. 

DALEY:  What  was  the  line  diameter? 

STOCKHAM:  I don't  recall. 

DALEY:  Did  you  have  any  cosmtant  on  the  first  part 
of  the  question  with  regard  to  shape? 

STOCKHAM:  It  la  quite  possible  that  the  photographs 
don't  show  some  of  the  smaller  particles.  We  prob- 
ably picked  photographs  that  ahow  some  of  the  larger 
particles,  rather  than  the  AOO  or  so  particles  that 
we  did  analyze, 

kOTE:  1 am  curious  about  the  fact  that  the  particle 
size,  or  at  least  the  agglomeration  size,  seems  to 
Increase  with  thrust  setting.  Do  you  understand  the 
mechanism  for  this,  and  Is  there  the  possibility 
that  your  sampling  technique  may  be  partially  at 
fault  for  that? 

STCX:KHAM:  There  ace  always  questions  on  how  beet  to 
accomplish  tha  sampling. 

Thera  Is  a greater  concentration  of  particles 
at  the  higher  thrust  setting,  which  would  certainly 
give  these  fine  particles  an  additional  time  to 
aggloswcste.  That  would  lead  to  larger  particle  size. 

One  of  the  bases  for  designing  the  sampler  was 
to  have  as  short  a sampling  line  as  possible,  ao  that 
there  wouldn't  be  agglomeration,  sedimentation,  and 
such  In  the  sampling  Unco . 

We  decided  early  on  I lat  we  would  like  to  locate 
the  sampler  rs  close  to  the  engine  as  possible  and 
have  short  sampling  lines  rather  than,  suy,  move  It 
outside  of  the  test  cell  and  have  a long  sampling 
line. 


and  TAUBENKIBEL 

The  design  of  tha  sampler  Included  taking  tha 
material  as  near  as  possible  to  the  engine  and  dilu- 
ting It  to  reduce  the  particle  concentration.  We 
also  reduced  tha  temperature,  and  thereby  mitigated 
the  agglomeration  during  the  rest  of  the  transport 
to  tha  collector.  We  considered  all  those  points, 
and  we  hope  we  solved  some  of  them. 

ROTE:  Did  you  do  any  wind  tunnel  studies?  I am 
particularly  Interested  In  the  design  of  the 
sampling  ports,  and  the  possibility  that  at  higher 
thrust  settings  (I  presume  that  you're  sampling 
Isoklnstlcally  and  went  to  higher  velocities  through 
that  port)  you  Increased  the  lateral  velocities  at 
tha  entrance  point,  and  therefore  Increased  the 
possibility  of  producing  agglomeration  right  at 
the  port. 

STOCKHAM:  There  weren't  any  wind  tunnel  studies. 

Just  tha  Information  available  In  the  literature  on 
that  subject  was  considered.  There  are  ten  diameters 
upstream  and  things  like  that  In  tha  design. 
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ABSTRACT 

Thl':  paper  dlacusaca  nodela  used  to  predict 
mobile  ground-source  amissions  from  vehicular 
traffic,  which.  In  come  cases,  account  for  a major 
proportion  of  the  air  pollutants  generated  at  an 
sir  facility.  Air  qu.illty  models  and  their  sen- 
sitivity to  various  Input  parameters  arc  consid- 
ered, and  recommendations  are  made  for  Improving 
the  data  Inputs  to  the  models  to  allow  for  mure 
accurate  predictions. 

Typical  accuracy  ranges,  for  a three-phase 
traf f Ic-amlaslons-dlsperslon  model  are  ± 30Z  fur 
pollutant  dispersion.  Input  parameters  Include 
street  capacities,  trip  demand.  Intersection 
capacity,  average  spaed,  vehicle  volumes, 
vehicle  age,  vehicle  type,  ambient  temperature, 
wind  spued,  wind  direction,  and  air  stability. 

A table  showing  the  effects  of  errors  In  Input 
data  on  the  traffic  assignment  and  emissions 
phases  of  a typical  model  Is  presented. 


REGUUTIONS  PROMULGATED  to  enforce  the  National 
Environmental  Policy  Act  of  1969,  require  the  main- 
tenance of  air  quality  standards  for  the  pollutants 
CO,  HC,  and  NO^  (!)•*  Mobile  suurcus  (which  the  EPA 
designates  as  "Indirect  sources",  make  major  con- 


tributions to  CO,  HC,  and  NOjj  pollution.  Airports 
and  air  bases  are  included  In  the  category  of 
"Indirect  sources",  and  as  such  are  required  to  sub- 
mit environmental  Impact  statements  (EIS)  to  local 
and  state  authorities  whan  building  or  expanding  a 
facility.  An  EIS  evaluates  the  effect  of  expansion 
or  new  construction  on  alr-quallty  and  Indicates 
whether  air  quality  standards  will  be  violated 
because  of  such  construction.  Models  are  being 
used  extensively  to  predict  air  quality  at  or 
around  Indirect  sources.  At  an  air  base  or  airport, 
pollutants  are  generated  form  aircraft  and  vehicular 
traffic  (or  mobile  ground-sources).  Table  1 compares 
modeled  predictions  of  the  pollutant  contribution 
from  aircraft  and  from  vehicular  traffic.  As  the 
table  Indicates,  vehicular  traffic  contributes  a 
large  proportion  (sometimes  more  than  half)  of  the 
pollutant  emissions.  Moreover,  vehicular  traffic 
Is  confined  to  a smaller  area  than  Is  aircraft  traf- 
fic, and  is  thus  llkaly  to  produce  higher  local 
concentrations  of  ground-source  pollutants. 

Pollutant  levels  In  the  atmosphere  are  usually 
predicted  by  using  a numerical  model.  Models  such 
us  AQAM  (2)  and  ISMAP  (3)  arc  specifically  designed 
to  be  applied  to  an  air  base,  an  airport,  or  other 
Indirect  source.  However,  such  models  are  Inherently 
Inaccurate  because  they  are  constructed  empirically 
to  represent  the  average  situation  and  because  all 
parameters  that  Influence  results  are  not  Included 


Table  1 - Comparison  of  Ground-Source  and  Aircraft  Emissions 


Air  Base/Airport 

Metric 

tons  of  Pollutants 

per  Year 

CO 

HC 

NO,, 

Aircraft 

Vehicle 

Aircraft 

Vehicle 

Aircraft 

Vehicle 

Tinker  AFB  (4) 

1000 

1873* 

360 

160* 

92 

112* 

Davls-Monthon  AFB  (4) 

1600 

1101* 

54 

94* 

30 

66* 

Williams  AFB  (4) 

Dulles  International 

4700 

324* 

1400 

28* 

120 

19* 

Airport  (6) 

Minneapolis  Inter- 

1569 

1136** 

1282 

642 

124 

881 

91 

national  Airport  (7) 

784 

464** 

67 

637** 

45 

* AQAM  Data  Base  (exterior  network  volumes  are  excluded)  see  Reference  5 
**  Based  on  average  emission  rate  per  operation  found  at  Dulles  International 


^Numbers  In  parentheses  designate  Referances  at 
end  of  paper. 
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in  the  model  lormuiatlon.  Thus,  a user  must  be 
aware  of  the  basic  inaccuracies  of  a model,  to  com- 
pensate for  them  eltlier  by  increasing  the  accuracy 
through  calibration  procedures  or  by  using  more 
sophisticated  model  components.  Once  an  adequate 
model  and  calibration  procedure  have  been  selected, 
a user  must  determine  the  amount  of  data  to  be  col- 
lected to  run  the  model  and  the  refinement  necessary 
for  those  data. 

Just  us  the  user  must  be  aware  of  inherent 
model  inaccuracies  he  must  also  be  aware  of  the 
effects  of  inaccurate  data.  Usually,  much  of  a 
modeling  effort  is  spent  in  collecting  data.  It 
therefore  makes  sense  for  the  user  to  emphasize  the 
collection  of  data  to  which  the  model  is  most  sen- 
sitive. Model  reliability  and  sensitivity  to  input 
data  are  discussed  in  more  detail  below. 

MODEL  RELIABILITY 

Air  quality  modeling  of  mobile  ground-source 
contributors  is  typically  undertaken  in  three  phases. 
First,  a traffic  network  is  modeled  to  predict 
volumes,  speeds,  and  congestion  on  a network  of 
streets  (or  links*).  Second,  CO,  HC,  and  MOx  emis- 
sions are  predicted  for  all  vehicles  on  each  street. 
Third,  pollutant  levels  are  predicted  at  receptor 
locations  by  using  a dispersion  submodel.  A final 
step  is  required  to  add  background  concentration 
levels  to  levels  predicted  by  the  dispersion  sub- 
model. These  background  levels  are  usually  based 
on  levels  monitored  ut  nearby  locutions,  but  evi- 
dence also  Indicates  that  background  concentrations 
should  sometimes  be  Included  to  account  for  long- 
range  transport  of  pollutants. 

An  air  quality  models  first  step  Is  predicting 
vehicular  truffle  on  a street  network.  Street 
traffic  volumes  can  generally  be  predicted  to  within 
i 20%  of  actual  field  measurements.  Problems  assoc- 
iated with  prudlctlng  such  volumes  includu  the 
determination  of  tlie  number  of  trips  made  between 
ureas  (or  zones)  of  tlio  street  network  and  the 
determination  of  the  route  followed  by  veliicles 
making  such  trips.  Because  an  air  base  or  airport 
has  gates  through  which  and  access  roads  over  which 
most  of  the  vehicular  traffic  must  travel,  gate 
counts  esn  be  used  to  improve  the  route  selection 
process  and  therefore  Increase  the  model  qceurary . 
Traffic  submodels  may  also  be  used  to  predict  free- 
way congestion,  intersection  congestion,  road  speeds, 
and  the  amount  of  trip  time  within  the  parking  lots. 
Results  om  the  traffic  prediction  serve  as  input 
to  the  emissions  prediction  phase  of  the  model. 

A typical  air  quality  model  next  predicts 
vehicular  (ground-source)  emissions.  A ± 25%  accur- 
acy range  has  been  estimated  for  the  EPA  emissions 
prediction  model  (8).  In  a current  EPA  project,  the 
accuracy  of  some  of  the  model  assumptions.  Is  being 
checked  (9) J the  agency  is  seeking  to  determine  the 
adequacy  of  assuming  the  Federal  Test  Procedure  (FTP) 
driving  cycle  when  predicting  emissions  near  a 
signalized  intersection.  Furthermore,  vehicle  main- 
tenance factors  have  been  published  to  refine  emis- 
sions predictions  that  are  based  on  mandatory  vehicle 
maintenance  performed  in  an  area  being  modeled, 

*A  "link"  represents  the  flow  of  traffic  in  one 
direction  on  a street.  Therefore,  a street  can 
include  either  one  or  two  links. 


The  third  step  of  a typical  air  quality  model 
is  to  predict  prllutaiu  concentrations  at  selected 
receptor  locations.  Dispersion  models  are  generally 
accurate  to  within  3031.  Accuracy  limits  could  rise 
as  high  as  200%,  however,  if  an  Inappropriate  model 
is  used.  Terrain  features  such  as  cut  and  fill 
sections  of  roadway  (10),  and  street  canyons  (i.e., 
locations  with  tall  buildings  on  either  side  of.  a 
street)  (11)  must  be  modeled  with  sophisticated 
dispersion  models  to  achieve  30%  accuracy. 

The  results  }f  the  dispersion  phase  are  added 
to  background  concentrations.  A recent  study  (9) 
indicates  that  long-range  transport  of  pollutants 
under  special  weather  conditions  needs  to  be  Included 
In  many  localized  models  of  air  pollution.  (e.g., 

CO  cun  be  transported  away  from  a downtown  section 
of  a city  by  prevailing  day-time  wind  and  transported 
back  to  the  city  by  evening  air  movement  from  the 
opposite  direction) . 

SENSITIVITY  TO  DATA  INPUTS 

A user  who  is  well  aware  of  his  model's  limita- 
tions and  requirements  must  still  decide  how  to 
collect  data  and  how  much  effort  to  expand  in  their 
collection.  Although  some  data  do  have  negligible 
effect  on  model  results,  others  are  crucial  for 
accurate  findings  and  must  he  collected  in  the  lleld. 
Tlic  user  therefore  needs  u guide  to  aid  him  in 
determining  which  data  are  Important.  Such  a guide 
is  presented  in  Table  2 for  typical  data  inputs  to 
the  traffic  and  emissions  phases  of  u standard 
model.  Table  2 was  created  using  the  modeling 
procedures  found  In  References  3,  8,  and  12  to 
determine  the  effects  of  changes  to  input  data.  The 
table  Is  organized  wltli  the  most  Important  input 
data  items  listed  first  and  the  least  inportant  input 
data  items  listed  lust--un  order  bused  on  tlie  author's 
ostiroale  of  the  size  of  a typical  error  in  the  data 
Input.  The  error  resulting  from  an  inaccurate  input 
is  given  as  a percentage  change  in  one  or  more  of 
the  predicted  results. 

The  largest  error  seen  in  Table  2 is  due  to 
an  error  in  traffic  prediction  comes  from  "Street 
Delays",  A 16-8  error  In  predicting  delay  on  an 
890-ft  (256  m)  street  where  the  speed  Is  25  mph 
(40  km/hr)  represents  a 43%  error  In  the  predicted 
speed.  A 34%  error  in  speed  results  In  a 45%,  32%, 
and  12%  error  in  CO,  HC,  and  NOx  emissions,  respec- 
tively. The  Initial  16-h  error  might  occur  because 
of  an  Incorrect  model  of  a signalized  Intersection; 
in  this  case  field  data  might  be  used  to  calibrate 
the  intersection  model  to  eliminate  the  delay  error. 

The  largest  error  in  predicted  emissions  in 
Table  2 is  due  to  a 30%  error  In  the  number  of  hot/ 
cold  starts  when  the  ambient  temperature  Is  30"F 
(-I.40C).  This  case  compares  a situation  in  which 
20%  of  the  vehicles  on  a road  are  cold  start  with 
a situation  In  which  50%  are  cold  start.  Because 
the  change  represents  u 59%,  39%,  or  10%  difference 
in  CO,  HC,  and  NOx,  Important  to  know  the 

percent  of  hot/cold  start  vehicles.  But  liot/cold 
start  data  are  quite  difficult  to  collect  in  the 
field.  The  solution  appears  to  be  the  use  of 
sophisticated  model  that  keeps  track  of  vehicles 
from  the  start  to  the  finish  of  a trip.  Then,  the 
only  data  required  to  predict  hot/ccld  percentages 
on  a street  are  the  number  of  cold  start  vehicles 
originating  in  each  zone.  Further  detail  can  be 
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Table  2 - Model  Sensitivity  to  Data  Inputs 


Traffic  Prediction  Phase 

Data  Item 

Typical 

Error 

Error 

In  VM'l’ 
<%) 

Error 

In  Speed 

C%) 

Street  delay 

17  s 

43 

Street  speeds 

5 mph  (8  km/hr) 

20 

Street  capacity  ■» 

15% 

11 

Parking  capacity 

10% 

11 

Vehicle  type 

4% 

IIDT*.  1%  HDD** 

11 

Zone  trip  attractions 

10% 

10 

Zone  trip  productions 

10% 

10 

Intersection  capacity 

15% 

9 

Vehicle  load  factor 

8% 

8 

Peak  hour  factor 

15% 

8 

Link  lengths 

50 

ft  (15  in) 

6 

Emission  Prediction  Phas 

e 

Data  Item 

Typical 

Error 

Error 
In  CO 
(%) 

Error 

In  HC 
(%) 

Error 
In  NO-^ 
(%) 

Hot/Cold  G 30°F  (-1.4°C) 

30% 

59 

39 

10 

Speed 

43% 

45 

32 

12 

Traicer  towing 

20% 

45 

11 

6 

Hot/Cold  @ 750F  (24°C) 

30% 

29 

20 

10 

Speed 

20% 

21 

15 

5 

Number  of  vehicles 

20% 

20 

20 

20 

Vehicle  type 

4%  HDT,  1%  HDD 

18 

14 

16 

Vehicle  age  distribution 

10% 

new  vehicles 

15 

15 

7 

Air  conditioning 

50% 

9 

7 

9 

Vehicle  load 

20% 

4 

1.2 

0.6 

Evaporative  emissions 
Humidity 

Vehicle  maintenance 

10% 

new  vehicles 
10% 

14 

3.5 

* HDT  Uo2vy-duty  truck 

**  IIDD  " Heavy-duty  diesel 
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Included  by  keeping  account  of  the  number  of  cold 
start  trips  by  trip  purpose  (e.g.,  shopping-to- 
home  trips  might  consist  of  lOX  cold  starts,  whereas 
home-to-shopping  trips  might  consist  of  80%  cold 
start  vehicles). 

FORESEEABLE  IKPROVEMENTS 

We  predict  that  typical  model  accuracy  range 
will  imptove.  Current  studies  use  gate  counts  to 
Improve  traffic  assignment,  analyze  the  appropriate- 
ness of  the  FTP  driving  cycle  when  applied  at  inter- 
sections, and  predict  effects  of  wind  deflectors 
to  promote  air  circulation  in  canyon  like  structures 
(7).  Calibration  of  model  phases  to  measured  values 
such  as  vehicle  volume  and  speeds,  and  air  quality 
monitoring  station  data  can  provide  a user  with  a 
high  level  of  confidence  in  the  modeled  results. 
Refinement  of  data  inputs  into  15-min  intervals 
during  peak  travel  demand,  and  sophisticated  esti- 
mation of  hot/cold  start  vehicles  by  trip  purpose 
will  provide  more  accurate  model  results.  Improve- 
ments in  the  type  and  quality  of  model  input  data, 
such  as  maintaining  records  of  the  hot/ cold  or 
stabilized  vehicles  on  each  street,  recording  heavy- 
duty  vehicle  volumes  separately,  and  employing 
special  dispersion  techniques  for  nonflat  terrain 
should  all  lead  to  more  reliable  models  of  air 
quality. 
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DISCUSSION 

SCHUERMAN:  I was  interested  in  Table  Two.  Your 
very  last  item  addresses  vehicle  maintenance,  or 
conversely,  the  deterioration  of  the  vehicle  as 
potentially  an  important  factor  in  the  emissions 
emitted  by  the  ground  vehicles. 

I am  curious  to  know  if  you  have  any  feel  for 
the  accuracy  of  your  model  and  a kiiowledge  of  the 
maintenance  practices  and  what  Impact  they  have. 

You  obviously  had  left  those  blank. 

ISANDYS:  I left  them  blank  because  I haven't  studied 
it  very  well,  and  I don't  really  know  how  it  is 
going  to  Improv'  the  emissions  modeling.  No  one 
at  EPA  has  assured  me  that  it  is  -olng  to  impro^re 
it  a certain  amount  either. 

PANOFSKY;  When  you  write  down  something  like  25 
percent  accuracy,  what  does  that  mean?  Does  that 
mean  that  90  percent  of  the  time  you  will  be  within 
25  percent  or  does  it  mean  half  the  time? 

SANDYS:  These  were  rule-of-thumb  estimates  made  by 
people  who  have  used  models  a lot.  If  the  model 
predicts  within  a certain  accuracy  range,  then  they 
figure  that  tliey  have  gotten  about  as  far  as  they 
can  go  with  the  model. 

PANOFSKY;  Within  that  accuracy  range  all  the  time 
or  a certain  fraction  of  the  time?  In  other  words, 
when  you  say  25  percent,  does  it  mean  in  all  the 
predictions  they  made  they  were  within  25  percent 
or  does  it  mean  something  less  stringent  than  that? 

SANDYS:  A little  less  stringent  than  that.  It 
means  that  they  Just  accept  the  fact  that  that  might 
be  about  25  percent  off. 

PASQUILL;  I didn't  entirely  get  clear  on  what  basis 
you  made  the  assessment  of  the  dispersion  modeling 
accuracy.  After  all,  30  percent  in  dispersion 
modeling  is  very  accurate,  and  I wondered  on  what 
basis  you  actually  assessed  that  accuracy. 

SANDYS:  I talked  to  some  people  at  SRI  who  have  had 
modeling  experience.  Frank  laidwlg  gave  me  the 
figure.  He  thought  that  was  pretty  much  what  he 
could  do  with  a good  model  where  the  wind  wasn't 
veering  too  much  and  conditions  were  fairly  reason- 
able over  the  period  of  time  being  modeled.  When 
you  don't  have  reasoiuble  conditions,  where  there 
are  a lot  of  streets  or  buildings,  the  200-percent 
figure  might  apply. 

Would  you  have  another  input  to  that  figure? 

PASQUILL:  I wasn't  quite  sure  whether  this  was  a 
ga«eral  figure  that  somebody  proposed  to  you  or 
whether  you  actually  had  some  data  on  which  you 
made  that  assessment.  I think  the  answer  is  it  is 
the  former,  isn't  it? 
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SAMDYS:  Rights  It  Is  a rule  of  thumb,  but  It  would 
be  Interesting  to  hear  yours.  Do  you  have  another 
one? 

PASQUILL:  Well,  I did  attempt  some  estimates,  on 
the  sort  of  accuracies  chat  you  could  achieve, 
according  to  the  circuaiatances  of  source,  emissions, 
and  meteorological  conditions,  and  they  are  written 
down  in  a paper,  to  which  1 can  give  you  a reference. 

It  turns  out  the  more  ideal  the  conditions  of 
the  experiment,  the  source  and  the  meteorological 
conditions,  of  course,  the  better  the  accuracy  and 
vice  versa. 

KAUGLE:  Given  the  problem  of  trying  to  predict  the 
impact  of  vehicular  operations  around  air  terminals, 
would  you  feel  fairly  comfortable  in  applying  your 
vehicular  models  or  would  you  suggest  that  perhaps 
the  Inaccuracies  are  such  that  we  might  be  better 
off  going  to  solely  a measurement  program  in  the 
terminal  areas  of  airports? 

SAin)YS:  I think  that  the  models  are  pretty  good, 
except  that  they  are  not  sensitive  enough  in  the 
areas  where  there  is  a loading  and  unloading  zone 
at  the  airport  or  In  an  area  where  there  is  quite 
a bit  of  congestion,  or  where  there  is  an  unusual 
circumstance. 

As  far  as  1 know,  there  is  no  good  model  for 
the  passenger  loading  and  what  goes  on  as  far  as 
waiting  times,  the  number  of  vehicles  idling,  and 
the  building  configurations  in  the  particular 
facility. 

I don't  think  that  the  model  is  available 
right  now. 

KAUGLE;  Would  you  agree  that  any  measurement  study 
might  also  suffer  from  the  s<uae  problems  and  that 
you  might  measure  some  air  quality  in  the  area,  but 
you  wouldn't  know  how  to  relate  it  to  some  vehicular 
traffic  pattern? 

SANDYS:  Right.  Once  you  measure  the  air  quality, 
you  still  don't  know  how  to  predict  it  when  you 
don't  exactly  know  why  you  have  the  numbers  you 
have. 

ROTE:  Dr.  Ken  Brubaker  and  I Just  finished  a chap- 
ter in  a book  on  modeling  of  sulphur  dioxide  in 
urban  environments,  and  X can  comment  on  what  we 
found  in  that  regard.  We  reviewed  a large  number  of 
studies  that  have  been  done  on  sulphur  dioxide 
modeling  in  urban  areas,  and  you  should  keep  my  com- 
ments within  that  context. 

Sulphur  dioxide,  you  recall,  is  a much  easier 
pollutant  to  obtain  an  emission  Inventory  from,  as 
you  have  a lot  of  engineering  guidance  in  that 
respect.  We  find  that  if  you  are  computing  annual 
averages  of  sulphur  dioxide  concentration,  you  can 
obtain  concentrations  within  plus  or  minus  20  or  30 
percent. 

That  is  an  annual  average  for  SO2  in  an  urban 
area.  That  means,  though,  that  you  have  a pretty 
good  handle  on  the  meteorology,  you  have  a rather 
straightforward  meteorological  environment,  and  you 
have  a very  good  handle  on  the  emission  Inventory. 

If  you  Just  go  into  an  urban  area  and  take 
somebody's  emission  Inventory  from  a NEDS  file,  you 
can  easily  be  off  by  50  or  100  percent.  But  if  you 
do  a good  Job  in  emission  Inventory,  you  may  achieve 
plus  or  minus  20  percent  for  annual  averages. 


TES. HE:  The  tables  you  showed  indicating  model  sen- 
sitivities strike  me  as  being  very  interesting.  Have 
you  looked  at  any  of  the  costs  associated  with  pre- 
paring certain  of  those  amission  model  Inputs  and 
tried  to  rank  order  the  costs  in  relationship  to  the 
importance  to  the  overall  performance  of  the  air 
quality  model? 

SAKDYS:  Yes,  but  1 haven't  done  that  typo  of  study 
at  all.  Are  you  Involved  in  that  at  all? 

TESCUE:  Ko,  but  1 am  Interested  in  it. 

SAMDYS:  We  might  talk  about  the  data  sources  Just 
to  Identify  that.  There  are  different  means  of 
collecting  all  of  the  data  inputs  to  the  model,  so 
you  can  go  into  a more-or-less  detailed  method,  and 
I think  you  have  to  choose  what  method  you  are  8°i^-B 
to  use  based  on  how  much  money  you  have  and  how  much 
accuracy  you  naud. 

UNIDENTIFIED:  I took  a look  at  Table  One  on  your 
ground  source  and  aircraft  emissions,  and.  Just 
looking  at  some  of  the  numbers  there,  I find  some- 
thing surprising:  the  alrcraf t-to-vehicle  emission 
ratios  at  Williams  were  two  orders  of  magnitude 
larger  for  CO  and  NO^  and  two  orders  of  magnitude 
larger  for  hydrocarbons. 

This  really  surprised  me.  Is  this  a function 
of  operation  of  the  base  or  the  assumptions  used? 

SAMDYS;  These  were  modeling  results  that  I used, 
and  they  were  the  results  of  the  AQAM  model  that 
the  Air  Force  has  developed. 

According  to  the  people  who  developed  the  data 
for  the  various  bases,  the  fighter  planes  at  the 
small  bases  apparently  emit  a high  number  of  pollu- 
tants for  the  size  of  the  aircraft,  and  then  they 
do  a great  deal  of  takeoffs  and  landings. 

They  are  training  flights,  so  they  fly  all  day 
long.  It  is  a matter,  I guess,  of  intensity  of 
traffic. 

UNIDENTIFIED;  Do  you  believe  these  numbers? 

SAMDYS;  I used  this  table  to  try  to  point  out  the 
need  for  the  vehicular  traffic  assessment  because 
it  is  almost  as  big  a problem  as  the  aircraft 
problem.  I Just  wanted  to  show  that  the  vehicular 
traffic  is  a very  important  element  of  the 
emissions  system. 
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ABSTRACT 

The  aerosols  in  an  area  of  heavy  aircraft  traf- 
fic were  characterized  in  terms  of  the  average 
dally  mass  loading,  the  variation  in  mass  loading 
with  time  of  day,  the  size  distribution,  and  thc> 
elemental  composition.  The  air  waa  sampled  continu- 
ously with  a high-volume  sampler  with  2A-hour  sam- 
pling periods,  47-millimater  Nuclepore  filters  with 
2-hour  sampling  periods,  and  an  8-stage  Andersen 
Impactor  with  lA-hour  sampling  periods.  Selected 
filters  were  analyzed  by  neutron  activation  analysis 
and  pro ton- Induced  x-ray  fluorescence  to  determine 
elemental  composition  as  a function  of  time  of  day 
and  as  a function  of  particle  size. 

INTRODUCTION 

The  Langley  Research  Center,  in  cooperation 
with  the  .Virginia  State  Air  Pollution  Control 
Board  (SAPCB)  Region  VI,  has  participated  in  several 
regional  air  quality  studies  at  various  locations 
in  the  Norfolk,  Virginia  area.  In  August  1973,  s 
2-week  aerosol  characterization  study  was  conducted 
near  downtown  Norfolk. ^ A similar  study  was  made  at 
the  Norfolk  Naval  Air  Station  (NAS)  during  July  and 
August  1974,  and  a third  one  during  the  summer  of 
1973  was  conducted  in  the  Chesapeake  area.  The  ob- 
jectives of  these  studies  were  to  evaluate  the  pos- 
sible application  of  instrumentation  and  technology 
developed  under  other  NASA  programs  to  environmental 
problems  while  at  the  some  time  assisting  the  SAPCB 
in  establishing  a data  base  throughout  the  region. 

In  this  paper  selected  data  from  the  second 
stuoy  (NAS  1974)  are  presented.  The  measurements 
were  made  near  an  active  runway  at  NAS  and  focused 
specifically  on  particulates  with  no  gaseous  species 
being  measured.  The  objective  was  to  characterize 
the  particulates  at  this  location  in  terms  of  the 
average  daily  mass  loading  (mass  concentration) , the 
variation  in  mass  loading  with  time,  the  elemental 
composition,  and  the  sT.-re  distribution.  Because  of 
the  air  traffic  at  NAS  a secondary  objective  was  to 
assess  the  impact  of  the  aircraft  operations  on  the 
air  quality.  A variety  of  instruments  was  employed 
initially  in  the  experiment,  however,  because  of  a 
number  of  instrument  malfunctions,  operational  prob- 
lems associated  with  the  rainy  weather,  and  the  fact 
that  some  of  the  data  were  not  fully  analyzed,  only 
selected  data  are  presented  herein.  The  data  pre- 
sented can  serve  as  an  adequate  data  base  for  com- 
parisons with  measurements  male  in  other  locations 
and  future  measurements  at  NAS. 


LOCATION  AND  SURROUNDINGS 

The  location  and  physical  layout  of  NAS  and 
surroundings  are  shown  in  Figure  1.  The  mobile  lab- 
oratory used  in  the  experiment  wan  located  about 
90  meters  north  of  the  east  end  of  the  major  runway 
and  is  Indicated  by  X on  the  map.  The  sampling  sta- 
tion was  not  located  near  any  of  the  major  roadways  ' 
on  the  base,  therefore,  the  contribution  from  auto 
traffic  was  not  expected  to  be  high.  About  two- 
thirds  of  the  base  is  eurrounded  by  water  and  the 
remainder  is  bordered  by  residential  and  limited 
commercial  areas.  There  were  no  major  industrial 
operations  within  several  miles  of  the  base. 

Thera  were  on  the  average  about  165  takeoffs  or 
landings  on  the  runway  each  day  with  a variety  of 
aircraft  types.  Most  of  this  activity  was  during  the 
daylight  hours.  In  addition  to  tho  aircraft  activi- 
ties, there  were  several  Jet  engine  static  test  cells 
about  2 miles  northwest  of  the  primary  sampling  sta- 
tion, which  operated  occasldnally  fur  short  periods 
(several  minutes).  During  their  operation  the  efflu- 
ents were  highly  visible  but  no  immediate  effects 
were  noticed  on  the  sampling  Instruments. 

INSTRUMENTATION 

All  of  the  Instruments  employed  in  the  study  are 
listed  in  Table  1.  The  type  of  data  generated  and 
their  time  resolutions  are  also  listed.  Data  obtained 
with  the  Nuclepore  filters,  high-volume  filters,  and 
Andersen  cascade  Impactor  are  presented  in  this  paper. 
Because  of  instrument  problems,  operational  problems 
and  Incomplete  analysis,  ho  data  from  the  other  in- 
struments will  be  presented. 


Instrument 

Type  of  Data 

Time 

Resolution 

Nuclepore  filters 

Mass  loading/ 
elemental 

2 hour 

High  volume  sampler 

Mass  loading 

24  hour 

Andersen  Impactor 

Size  distribu- 
tion/elemental 

24  hour 

Royco  light  scat- 
tering photometer* 

Number  concen- 
tration 

10  minutes 

Integrating 

nephelometer* 

Extension 

coefficient 

2 seconds 

Lundgren  impactor* 

Mass  loading/ 
size/elemental 

Quartz  crystal 
microbalance* 

Mass  loading 

10  minutes 

* Data  not  presented  in  this  paper. 
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PROCEDURE  AND  RESULTS 

The  measurements  were  started  on  July  25,  1974, 
but  were  Interrupted  from  August  6 through  August  18 
because  of  rainy  weather  and  Instrument  malfunctions. 
The  measurements  were  resumed  on  August  19  and  con- 
tinued through  August  27,  1974. 

Nuclepore  Filter  Measur amenta.  Particles  were 
collected  on  47-mm  diameter  polycarbonate  membrane 
filters  using  an  automatic  sequential  timing  arrange- 
ment In  which  each  filter  In  a 12-fllter  linear  array 
was  sampled  for  2 hours.  With  this  arrangement  the 
air  was  sampled  continuously  for  24  hours  a day  with 
2-hour  time  resolution  in  the  measurements.  The  air 
was  pulled  through  each  filter,  which  had  a 0.4- 
mlcrometer  pore  size,  by  a small  mechanical  pump  at 
a volume  flow  rate  of  approximately  0.028  cubic 
meters  per  minute.  The  flow  was  monitored  continu- 
ously with  a recording  flow  meter.  Each  filter  was 
weighed  before  and  after  exposure  In  a class  100 
clean  room  with  controlled  humidity  at  Langley  Re- 
search Center,  following  the  procedure  described  in 
Reference  1.  The  mean  mass  loading  (mass  per  unit 
volume)  was  determined  for  each  2-hour  time  inter- 
val from  the  total  mass  of  particulates  collected  on 
the  corresponding  filter  and  the  volume  of  air 
sampled. 

Figures  2a  and  2b  show  plots  of  mass  loading  as 
a function  of  time  of  day  over  24-hour  periods  from 
midnight  to  midnight  for  July  26,  1974  through 
August  3,  1974.  The  same  type  of  plots  are  shown  in 
figures  2c  and  2d  for  the  period  of  August  21,  1974 
through  August  27,  1974  when  the  sampling  was  termi- 
nated. Each  data  point  Is  located  at  the  midpoint 
of  the  2-hour  sampling  period  and  represents  the 
average  concentration  for  that  period.  The  mass 
loadings  varied  widely  over  the  24-hour  periods  and 
also  from  one  day  to  another.  This  variation  was 
not  periodic  In  that  the  highs  and  lows  did  ndt 
always  occur  at  the  same  time  of  day.  However,  the 
concentrations  were  In  general  higher  during  the  day- 
time hours  than  at  night.  Any  contributions  from 
aircraft  activities  are  combined  with  the  ambient 
and  are  not  separable  by  the  filter  data  available. 
The  EFA  limit  of  260  micrograms  per  cubic  meter 
over  a 24-hour  period  was  not  exceeded  for  any  of 
the  days  on  which  data  were  collected.  While  some 
Individual  excursions  are  relatively  high,  they  are 
within  the  range  of  ' '.lues  measu  .ed  near  downtown 
Norfolk  In  August  1973  (Ref.  1).  The  wind  directions 
were  monitored  continuously  and  there  was  no  apparent 
correlation  of  mass  concentration  of  wind  direction. 
This  rules  out  the  possibility  of  pinpointing  a 
single  source  as  a primary  contribution  on  the  basis 
of  wind  directions  In  the  case  of  these  measurements. 

Figure  3 shows  a plot  pf  the  mean  mass  loading 
for  all  of  the  days  on  which  data  were  taken.  These 
values  were  obtained  by  averaging  the  filter  data 
In  each  2~hour  time  Interval  over  the  total  number  of 
days.  This  plot  reflects  the  general  trend  of  par- 
ticulate concentrations  showing  low  values  during  the 
night-time  hours  and  relatively  high  values  due  to 
Increased  activities  during  the  day.  All  diurnal 
effects,  meteorological  effects,  and  Individual  ex- 
cursions are  averaged  In  this  curve.  The  high  ex- 
cursions In  the  morning,  around  9:00  a.m.,  are  be- 
lieved to  be  caused  partly  by  a fumigation  process 


which  we  observed  In  Norfolk  during  the  suniner  of 
1973  (Ref.  1). 

Hlgh-Volume  Filter  Data.  The  hlgh-volume  sam- 
pler is  the  most  widely  used  instrument  for  messurlng 
the  mass  concentration  of  the  total  suspended  particu- 
lates. Since  Environmental  Protection  Agency  (EPA) 
standards  are  based  on  hlgh-volume  sampler  measure- 
ments, daily  hlgh-volume  measurements  were  made  over 
24-hour  periods  to  relate  the  concentrations  at  this 
location  to  the  national  standards. 

Particles  were  collected  for  24-hour  periods 
(noon  to  noon)  dally  on  8-  by  10-lnch  Watman  filter 
paper  In  a hlgh-volume  sampler  on  top  of  the  mobile 
laboratory.  The  mass  concentrations  were  calculated 
from  the  mass  of  the  material  collected  and  the  volume 
of  elr  sampled  during  each  24-hour  period.  The 
weighing  procedure  Is  described  In  Reference  1.  The 
dally  mass  loadings  are  listed  In  Table  2 . 


TABLE  2 

HIGH-VOLUME  FILTER  DATA 


Date 

Mass  loading 

7/26/74 

41.3 

7/27/74 

17.1 

7/28/74 

19.2 

7/29/74 

32.7 

7/30/74 

49.0 

7/31/74 

68.7 

8/1/74 

43.8 

8/3/74 

36.6 

8/4/74 

50.3 

8/6/74 

29.6 

8/21/74 

42.2 

8/22/74 

33.4 

8/23/74 

31.5 

8/24/74 

34.9 

8/25/74 

29.0 

8/26/74 

27.2 

8/27/74 

28.3 

The  dally  mean  mass  concentration  obtained  oy 
averaging  the  Nuclepore  filter  data  over  24-hour 
periods  differ  substantially  In  some  cases  from  the 
daily  mean  obtained  from  the  hlgh-volume  filter 
measurements.  This  is  Illustrated  In  Figure  4 where 
the  concentrations  measured  by  the  two  methods  are 
plotted  as  a function  of  day  covering  a time  period 
from  July  26  through  August  6,  1974.  The  two  sets  of 
data  follow  the  same  general  trend  showing  the  con- 
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centratlon  to  ba  ralatlvaly  lo4  on  tha  waakands  and 
building  up  to  a peak  In  tha  middle  of  the  week. 

Thla  la  roughly  conalatent  with  tha  amount  of  dally 
aircraft  activity  but  tha  Huclepore  filter  measure- 
menta  generally  ahow  higher  valuaa.  Theae  dlffer- 
encea  betwaan  the  two  data  aata  era  llkaly  due  to 
aeveral  factora;  tha  collactlon  efflclancy  of  the 
hlgh-volume  filter  decreaaaa  with  sampling  tlma  ovar 
long  tlma  parlods  bacauae  of  tha  heavy  particle 
buildup.  Thus,  aome  of  tha  partlclaa  era  loat.  In 
addition,  some  cf  the  filter  material  la  often  lost 
In  handling.  In  both  cases,  tha  measured  concentra- 
tion would  be  lower  than  the  actual  concentration. 
Since  each  of  the  Huclepore  filters  sampled  for  only 
2 hours,  there  Is  usually  not  enough  particle  build- 
up to  cause  a reduction  In  collection  efflclancy. 
Also,  because  of  the  type  of  material  and  the  size 
of  the  Huclepore  filters,  there  Is  unlikely  to  ba 
any  tear  loss.  Thus,  It  should  be  expected  that  the 
Huclepore  filter  measurements  would  Indicate  higher 
mass  concentrations. 

A 24-hour  time  period  from  noon  August  20,  1974 
through  noon  August  21,  1974  was  salacted  over  which 
to  observe  tha  variation  of  elemental  composition 
as  a function  of  tlma.  A quarter  section  of  each  of 
the  twelve  Huclepore  filters  which  sampled  during 
that  period  was  analyzed  by  Heutron  Activation 
Analysis  (HAA)  as  described  In  Reference  1.  The 
masses  of  a number  of  elaments  collected  on  each 
filter  were  determined.  Figure  5 shows  plots  of 
mass  loading  as  a function  of  tlma  of  day  for  the 
six  most  abundant  elements  present.  The  total  mass 
loading  (top  curve)  la  also  plotted  for  comparison. 
The  concentration  of  each  element  varies  with  time. 
Iron  constitutes  about  10  percent  of  the  total  mass 
loading  and  there  are  small  traces  of  vanadium  and 
bromine  which  constitute  about  1 percent  of  the 
total.  These  elements  exist  In  aviation  fuel  and 
could  possibly  be  associated  with  the  aircraft  oper- 
ations. It  should  be  noted,  however,  that  roughly 
these  same  ratios  were  observed  at  the  site  near 
downtown  Norfolk  In  1973  (Ref.  1).  The  sodium  and 
chlorine  are  probably  from  the  sea  salt. 

Elemental  analysis  over  a single  24-hour  period 
does  not  provide  sufficient  data  to  establish  any 
diurnal  trends  In  elemental  mass  loading.  In  this 
particular  experiment  the  cost  of  analysis  was  a 
consideration.  It  Is,  however,  nuggested  that  the 
above  kind  of  analysis  over  several  24-hour  periods 
can  yield  useful  Information. 

Andersen  Data.  An  S-stage  Andersen  cascade 
Impactor  was  used  to  measure  the  mass  los'.lng  as  a 
function  of  particle  aerodynamic  diameter.  The 
sampler  separates  the  particles  Into  8 size  Inter- 
vals ranging  frcm  0.43  micrometer  diameter  to  11.0 
micrometer  diameter  (50  percent  Impaction  efficiency 
points) . Air  Is  pulled  through  the  sampler  at  a 
constant  flow  rate.  The  particles  are  collected  In 
each  stage  on  a Huclepore  filter  substrate  (62-mm 
diameter).  Each  filter  In  the  cascade  was  weighed 
before  and  after  sampling,  as  for  the  47-mm  filters, 
to  determine  sutss  of  the  particles  collected.  It  was 
necessary  to  sample  for  24-hour  periods  (noon  to 
noon)  on  one  set  of  filters  to  collect  enough  parti- 
cles In  each  stage  to  register  a weight.  Therefore, 
the  data  obtained  represents  the  size  distribution 
(mass  loading  vs.  particle  diameter)  averaged  over 


24  hours.  Figure  6 shows  normalized  size  distribu- 
tion plots  for  24-hour  periods  ending  at  noon  on 
August  21,  25,  and  26.  There  Is  a suggestion  of  a 
blmodal  distribution  with  one  peak  occurring  at  less 
than  0.43  micrometer  and  a second  one  between  1.0 
and  10  micrometer.  A similar  blmodal  distribution 
has  been  observed  by  others  on  the  urban  aerosols 
(Ref.  2). 

The  eight  filters  that  were  In  the  Andersen 
sampler  during  the  period  from  noon  on  August  20 
through  noon  August  21  were  each  cut  Into  four  sec- 
tions. One  section  from  each  Impaction  stage  was 
analyzed  by  HAA  and  a different  section  from  each 
stage  was  analyzed  by  proton-induced  X-ray  floures- 
cence  (Ref.  2).  Quantities  of  Zn,  V,  Br,  and  Sn 
which  varied  with  stage  number  were  Identified  In 
each  Impactor  stage.  The  mass  concentration  as  a 
function  of  size  as  determined  by  both  methods  of 
analysis  are  plotted  In  Figure  7.  There  are  quan- 
titative differences  in  the  results  from  the  two 
methods  because  of  different  measuring  sensitivities, 
however,  the  trends  In  size  distributions  are  simi- 
lar. The  trends  Indicate  that  V,  Br,  and  Sn  are 
concentrated  In  the  small  size  range  (<5-mlcrometer 
diameter)  and  are,  therefore,  likely  to  be  taken 
Into  the  human  respiratory  system.  These  elements 
were  also  Identified  on  the  A7-im  Huclepore  filters 
by  NAA  which  sampled  during  the  same  time  period. 

As  mentioned  above,  the  presence  of  these  elements 
may  be  related  to  the  aircraft  activities  since 
they  are  present  in  aircraft  fuel. 

COHCLUSIOHS 

An  experiment  In  which  atmospheric  aerosols  In 
a region  of  high  aircraft  activities  has  been  de- 
scribed. Data  have  been  presented  on  the  average 
dally  mass  loading,  mass  loading  variations  with 
time  of  day,  aerosol  size  distribution  and  elemental 
composition.  The  mass  loadings  vary  widely  with 
time  of  day  but  the  average  dally  loadings  are  within 
the  EPA  standards  for  clean  air.  The  mean  aerody- 
namic aerosol  size  data  determined  by  the  Andersen 
cascade  Impactor  suggest  a blmodal  distribution  with 
one  peak  In  the  submicron  range  and  the  second  peak 
falling  between  1 and  10  micrometers  In  diameter. 
Elemental  analyses  reveal  that  several  of  the  ele- 
ments found  In  aircraft  fuel  are  present  In  the  at- 
mosphere and  tend  to  be  attached  predominately  to 
the  particles  In  the  smaller  aerodynamic  size  range. 

The  data  obtained  from  these  measurements  will 
provide  the  SAPCB  with  a partial  data  base  for  this 
location.  There  Is  at  least  a weak  suggestion  that 
the  aircraft  exhaust  contributes  to  the  aerosol 
character.  The  authors  believe  that  a better  assess- 
ment of  the  Impact  of  aircraft  operations  can  be  ob- 
tained If  In  situ  measurements  are  made  In  the  direct 
exhaust  of  the  aircraft  In  addition  to  the  measure- 
ments described  In  this  report. 
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Figure  2a.-  Aerosol  mass  loading  as  a function  of  time  of  day  determined  from 
Nuclepore  filter  measurements. 
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Figure  5.-  Elemental  mass  loading  as  a function  of  time  of  day  determined  by 
NEUTRON  activation  ANALYSIS. 
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DISCUSSION 

LINDENHOFEN : Two  queatlons:  Flrot.  to  what  do  you 
attribute  the  aluminum  In  your  elemental  analyala? 

CRUMBLY;  I really  couldn't  find  the  source  for 
It.  The  only  thing  I could  attribute  It  to  Is  some 
repair  work  going  on  at  the  air  station  with  air- 
craft: frame  and  fuselage  parts  and  so  forth. 

We  thought  maybe  It  came  from  some  shop  that 
we  were  not  aware  of.  This  base  Is  over  on  the 
Norfolk  side  of  our  laboratory,  which  Is  located 
In  Hampton,  and  we  are  not  familiar  with  any  light 
Industrial  activity  that  might  be  going  on  around 
us  where  we  are  located. 

LINDENHOFEN:  The  second  question:  Were  you  able 
to  correlate  your  short-term? 

CRUMBLY:  The  purpose  of  the  study  wss  to  try  to 
show  the  State  Air  Pollution  Control  Board  some 
techniques  they  might  use  other  than  the  crystal 
ball  to  pinpoint  possible  pollution  sources. 

DALEY:  I would  like  to  address  Harry's  question 
first.  I find  the  results  In  great  conflict  with 
any  modeling  studies  that  have  ever  been  done.  As 
a matter  of  fact,  you  are  off  by  at  least  two  orders 
of  magnitude.  I can't  resolve  that  In  my  own  mind. 

CRUMBLY:  You  mean  In  terms  of  size  and  distribu- 
tion? 

DALEY:  In  terms  of  particulate  concentration.  We 
have  done  extensive  modeling  studies.  Including  the 
installation  which  you  have  got  hkre,  and  the 
highest  concentrations  we  found  were  on  the  order 
of  one  mlcrogram  per  cubic  meter  particulate 
contribution  from  aircraft  operations  and  you  are 
reporting  concentrations  In  the  order  of 
lOQ  or  ZOO. 

CRUMBLY:  No.  Let's  get  something  clear.  In  the 
first  place,  we  were  not  able  to  separate  out  the 
concentration  that  came  just  from  the  aircraft. 

We  were  not  doing  this  study  which  the  gentleman 
reported  on  this  morning  where  he  was  located  right 
In  the  exhaust  nozzle  of  the  aircraft. 

DALEY:  The  aircraft  sources  seen  Implicated,  and 
there  seems  a disagreement  with  the  modeling  studies. 

CRUMBLY:  Well  x will  qualify  that  again  with  the 
statement  that  we  were  not  able  to  separate,  and  I 
do  not  know  of  any  technique  to  separate  out,  the 
contribution  from  Just  the  alrcrsft. 

We  were  about  300  feet  from  the  runway,  which 
means  that  we  could  not  sample  a particular  given 
manifold  of,  say,  200  feet  by  200  feet. 

Whatever  we  were  getting  was  transported  through 
the  area  that  we  were  sampling  In.  And  as  you  know, 
transport  theory  Is  In  a stage  of  flux  right  now  In 
the  area  of  carrying  pollutants  from  one  point  to 
another . 

DALEY:  From  that  standpoint,  I think  the  data  needs 
more  analysis.  Secondly,  on  your  size  distribution 
data,  combustion  aerosols  are  normally  of  the  order 
that  we  saw  this  morning,  0.07  microns,  and  that 
number  Is  In  agreement  with  several  other  measurements 
that  have  been  made,- and  almost  all  of  your  mass  came 
In  size  Increments  far  above  that.  That  seems  to 
support  the  thesis  that  possibly  what  you  were  measur- 
ing came  from  somewhere  other  than  aircraft. 


I was  wondering,  for  example,  if  you  measured 
silicon,  which  Is  the  prlaury  component  of  dirt, 

%d:lch  might  be  dirt  pulled  up  by  aircraft.  That 
could  explain  the  aluminum. 

CRUMBLY:  If  you  are  familiar  with  the  technique 
of  Neutron  Activation  Analysis,  you  know  that  It  Is 
very  difficult  to  separate  out  aluminum  versus 
silicon.  They  follow  very  close  to  one  another. 

The  Neutron  Activation  Analysis  was  done  for  us  by 
BBI  In  Virginia,  so  I can't  speak  for  the  accuracy 
of  their  data;  I Just  report  on  what  we  observed. 

One  would  have  to  look  at  the  whole  realm  of 
Neutron  Activation  Analysis  to  determine  the  accu- 
racies of  the  data. 

DALEY:  You  should  be  able  to  get  that  with  Neutron 
Activation. 

CRUMBLY:  No.  It  did  not  pop  up  In  the  data  as 
being  high  on  the  list.  In  other  words,  the  first 
element  that  popped  up  was  Iron,  It  was  obviously 
very  high.  It  has  always  been  very  high  In  every- 
thing we  have  done. 

Vanadium,  bromine,  and  tin  are  some  of  the 
othars  that  popped  up.  We  went  through  the  litera- 
ture and  began  to  look  at  that. 

It  seems  that  vanadium  and  bromine,  especially, 
show  up  a lot  In  analysis  from  Internal  combustion 
engines.  Dr.  Harris  has  put  out  a paper  on  that. 

As  a nuitter  of  fact,  he  may  have  It.  I am  not  sure. 
It  Is  a NASA  Contractor  Report.  I am  looking  at 
elemental  analysis  from  various  sources. 

DALEY:  I think  the  big  point  to  be  made  Is  that 
there  are  a lot  of  questions  to  be  answered.  There 
are  far  too  many  disagreements. 

CRUMBLY:  I appreciate  your  comments,  but  I hope  I 
didn't  preface  the  paper  with  the  remark  that  these 
were  strictly  from  aircraft.  I tried  to  preface 
the  remarks  that  It  was  taken  on  an  afr  base  and  we 
were  about  300  feet  from  the  end  of  the  runway, 

ROTE:  Just  to  pursue  Pete  Daley's  comments  a little 
bit  further,  one  of  the  techniques  that  has  been 
used,  for  example,  by  Jack  Winchester  and  some  of 
his  colleagues  In  an  aerosol  analysis  is  to  essen- 
tially normalize  the  elemental  concentrations  by 
crustal  abundance. 

Essentially,  you  look  at  the  ratio  of  crustal 
material  present  In  the  earth's  crust  and  normalize 
all  of  your  concentrations  to  that.  Then  you  look 
at  enrichment  factors.  This  Is  a much  more  general 
wsy  of  getting  at  the  Influence  of  material  being 
brought  up  from  the  ground. 

Winchester  and  others  have  also  done  this  both 
over  continental  areas  and  over  ocean  areas,  and 
there  Is  very  often  a very  considerable  difference 
between  air  coming  off  the  ocean  and  air  coming  off 
land  masses, 

I suggest  you  might  pursue  this  approach  as  one 
way  to  get  a better  idea  of  where  your  material  Is 
coming  from. 

The  other  method  of  general  analysis  Is  due  to 
Frledlander  and  some  of  his  colleagues.  He  looks 
for  fingerprints  of  materials  by  a matrix  conversion 
technique.  It  can  give  you  a rough  Idea  of  what 
kinds  of  sources  are  contributing  to  concentrations. 

I gather  Harris  has  done  something  along  these  lines. 


63 


WOODS.  CRUMBLY,  STOREY,  and  HARRIS 

CRUMBLY:  That  Is  why  the  vanadium  and  bromine 
popped  up.  Whan  you  look  at  the  literature,  there 
Is  some  literature  to  say  those  elements  are 
heavily  Involved  In  Internal  combustion  engines. 

ROTE:  I guess  the  only  problem  I would  have  Is 
this:  Is  there  any  way  you  can  distinguish  be- 
tween aircraft  fuels  and  automotive  fuels? 

CRUMBLY:  We  are  not  aware  of  any  trace'.'  element 
at  this  time.  At  least  X am  not  aware  of  It,  and 
no  one  In  my  group  la  aware  of  any  tracer  we  could 
have  used  or  we  would  have  tried  It.  We  would  have 
tried  to  pull  out  the  contribution  from  aircraft 
versus  contribution  of  other  sources.  If  anyone  Is 
aware  of  a tracer,  I would  be  glad  to  know  about  it. 

ROTE:  Benzene  Is  soluble.  Have  looked  at  that? 
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ABSTRACT 


; A preliminary  evaluation  of  the  accuracy  of 

Argonne' s Air  Quality  Assessment  Model  (AQAM) , us- 
ing data  collected  for  this  purpose  at  Williams  Air 
Force  Base  (WAFB) , is  described  here.  AQAM,  an  at- 
' mospherlc  dispersion  model,  simulates  the  local  air 

quality  impacts  of  military  alrcrafl  operations. 

Air  quality,  meteorological,  and  emissions  data 
were  collected  at  WAFB.  While  measured  pollutant 
concentrations  were  quite  low,  model  testing  is 
possible;  and,  for  carbon  monoxide,  a significant 
i‘  correlation  exists  between  hourly  aircraft. emis- 

1 slons  and  observed  hourly  air  quality.  The  prime 

f meteorological  requirement — tliat  the  local  wind- 

1'  field  be  spatially  homogeneous — seems  to  be  satis- 

fled  most  of  the  time.  AQAM-predlcted  pollutant 
' concentrations  are  in  the  same  range  as  observed 

E levels,  and  about  50%  of  the  predictions  are  with- 

in a factor  of  two  of  the  corresponding  observa- 
tions. Theory  and  experiment  essentially  agree 
I on  the  pollutant  rank  ordering  of  the  WAFB  air 

I quality  monitoring  stations.  Future  work  will 

I I include  more  detailed  model  testing. 


r ' ARGONNE  NATIONAL  LABORATORY  (ANL)  was  contracted 

t ; several  years  ago  by  the  U.S.  Air  Force  Weapons 

^1  ' Laboratory  to  develop  the  Air  Quality  Assessment 

' Model  (AQAN).(l)*  The  model  is  designed  for  use  by 

‘ Air  Force  personnel  in  assessing  the  air  quality 

' Impacts  of  air  base  operations  on  surrounding  com- 

munities. The  present  model,  whicli  is  similar  in 
terms  of  its  treatment  of  atmospheric  dispersion 
' to  the  Argonne  Airport  Vicinity  Air  Pollution 

' (AVAR)  model  developed  for  use  at  commercial  air- 

i i ports  (2),  incorporates  a detailed  simulation  of 

pollutant  source  terms  that  are  specific  to  air 
bases.  Particular  attention  is  given  to  military 
i'  i aircraft  operations  and  their  pollutant  emission 

' rates . 

i I Unfortunately,  until  now,  a data  base  suitable 

i ■ for  determining  the  I imits  of  accuracy  of  the  AQAM 

I,  I has  not  been  available.  Some  data  bases  have  been 

'■  developed  for  use  in  evaluating  commercial  airport 

I',  models.  Including  those  described  in  Refs.  3-12, 

^ but  tliose  were  considered  for  a number  of  reasons 

t!  to  be  unsuitable  for  Air  Force  purposes.  Reviews 

E;  of  monitoring  efforts  at  commercial  airports  and 

I model  validation  exercises  are  given  in  Refs.  13 

and  lA. 


Consequently,  a large  data  acquisition  pro- 
gram was  undertaken  by  the  Air  Force  at  Williams 
Air  Force  Base  (WAFB)  in  Phoenix,  Arizona.  Using 


funds  supplied  by  the  Air  Force  and  Navy,  the  U.S. 
Environmental  Protection  Agency  (EPA)  Environmen- 
tal Monitoring  and  Support  laboratory  at  Las  Vegas 
performed  the  measurement  portions  of  the  program. 
Stanford  Research  International  prepared  a detailed 
emission  inventory  of  air  base  and  surrounding  en- 
viron pollutant  sources.  The  EPA  and  a subcontrac- 
tor, Northrop  Corporation,  recently  compiled  the 
measurement  and  air  quality  data  and  ANL  now  is 
analyzing  the  data  and  defining  the  limits  of  accur- 
acy of  the  AQAM.  Preliminary  draft  reports  have 
been  prepared  by  ANL  (15)  and  the  EP.\  and  Northrop 
(16). 

In  addition  to  analyzing  the  data  and  evaluat- 
ing the  model,  ANL  is  preparing  a documented,  user- 
oriented  data  set  that  will  be  available  to  inter- 
ested groups.  The  various  data  acquisition  and 
manipulation  steps  involved  in  producing  the  test 
data  set  are  illustrated  in  Fig.  1. 

This  paper,  which  summarizes  the  results  of 
the  data  analysis  and  model  tests  performed  to  date, 
is  based  largely  on  work  completed  within  tlie  last 
several  months.  It  briefly  desc’^ibes  tlie  "hypothe- 
sis testing  approach"  used  in  the  program  and  sum- 
marizes tlie  results  of  the  analysis  of  the  air 
quality,  meteorological,  and  emission  data.  A 
synopsis  of  the  model  testing  work  a.id  some  prelim- 
inary results  ate  presented,  as  are  conclusions  and 
plans  for  future  work. 

HYPOTHESIS  TESTING  APPROACH 

The  main  approach  used  in  tli-c  data  analysis 
and  model  testing  program  is  the  apriori  develop- 
ment of  assumptions,  hypotheses,  and  questions  re- 
garding the  data  and  the  model.  Examples  of  assump- 
tions regarding  the  data  are: 

1.  All  instrumentation  and  data  acquisition 
systems  function  properly  and  reliably. 

2.  The  sampling  rates  for  meteorology  and 
pollutants  are  sufficiently  high.  (This 
assumption  was  subsequently  checked  by  a 
high  sampling  rate  experiment.) 

3.  The  data  sampi.e  is  sufficiently  large  and 
covers  a wide  enough  range  of  meteorolog- 
ical and  source  activity  conditions  to 
test  the  hypotheses  stated  below. 

4.  The  reproducibility  and  repeatability 
errors  associated  with  the  sampling  system 
are  known  or  will  be  determined . (Ueproduc- 
Iblllty  refers  to  observed  differences 

*Numbers  in  parentheses  designate  references  at  end 
of  paper 
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Fig.  1 - Air  Quality  Assessment  Model  analysis  data  flow 


between  similar  instruments  measuring 
the  same  quantity  while  repeatability 
refers  to  the  differences  observed  when 
a single  instrument  measures  the  same 
quantity  many  times.) 

In  contrast  to  these  assumptions,  which  merely 
state  what  is  assumed  to  be  true  about  the  data, 
are  statements  (l.e.,  hypotheses)  that  can  be  test- 
ed or  verified  by  properly  designed  analyses  of 
the  data,  model  predictions,  etc.  The  testing  of 
the  hypotheses  forms  the  basis  of  conclusions  re- 
garding such  issues  as  the  suitability  of  the  data 
set  for  model  evaluation  purposes  and  the  limits  of 
accuracy  of  the  model.  Examples  of  hypotheses  that 
address  the  suitability  of  the  data  set  for  model 
evaluation  purnoses  are; 

1.  l%e  hour-to-hour  variations  in  signal 
strength  are  significant  with  respect  to 
system  repeatability  noise  for  all  instru- 
ments. This  hypothesis  can  be  tested  by 
direct  comparison  of  mean  signal  strength 
to  instrument  threshold  and  the  standard 
deviation  of  hourly  fluctuations  about  the 
mean  to  repeatability  noise  as  determined 
by  the  EPA  or  instrument  manufacturer. 


2.  The  station-to-station  variations  in  sig- 
nal strength  are  significant  with  respect 
to  reproducibility  errors  a reasonable 
fraction  of  the  time  (so  as  to  provide 
adequate  statistics).  This  can  be  tested 
by  comparing  the  root-mean-square  residual 
between  hourly  average  concentrations  at 

a single  station  and  the  all-station  hour- 
ly mean  to  the  instrument  reproducibility 
errors  as  determined  by  the  EPA  or  instru- 
ment manufacturer. 

3.  2'he  aerometria  signals  are  correlated  with 
the  aircraft  operations  activity  inform'’- 
tion.  Simple  scatter  diagrams  of  level  of 
aircraft  activity  versus  average  pollution 
concentration  and  peak,  concentration  are 
suggested  for  the  preliminary  analysis. 

Finally,  questions  can  be  formulated  regarding 
the  data  and  model  predictions  that  require  answers 
in  order  to  complete  the  analysis  but  whose  answers, 
by  themselves,  do  not  address  the  more  pertinent 
Issues  of  the  program.  Examples  of  such  questions 
are : 

1.  Is  plume  rise  from  aircraft  a significant 
factor  when  the  monitoring  station  is 
close  to  a taxiway/runway? 
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2.  Under  what  meteorological  conditions  will 
the  selected  monitoring  sites  provide  ade- 
quate data  on  background  levels? 

3.  Which  weather  station  provides  wind  speed 
and  direction  data  most  representative  oi 
conditions  throughout  the  nlr  base? 

Formulating  these  types  of  assumptions,  hypo- 
theses, and  questions,  and  then  answering  the  ques- 
tions and  testing  the  hypotheses,  constitutes  the 
"hypothesis  testing  approach."  Examples  of  some  of 
Che  questions  and  hypotheses  that  have  been  ad- 
dressed so  far  are  given  in  the  remainder  of  this 
paper . 

DATA  ANALYSIS 

THE  DATA  SET  - The  data  set  compiled  at 
Williams  Air  Force  Base  consists  of  13  months  of 
air  quality  and  meteorological  data  collected  at 
the  five  stations  shown  on  Fig.  2,  meteorological 
data  routinely  recorded  at  the  base  weather  station, 
hourly  aircraft  activity  data  (counts  of  aircraft 
using  each  runway  by  aircraft  type,  compiled  by 
base  staff),  and  an  emission  inventory  listing  air 
base  and  environ  stationary  and  mobile  sources. 

The  measured  aerometrlc  and  meteorological  quanti- 
ties are  listed  in  Table  1.  Although  many  analyses 
of  the  data  have  been  performed  during  the  past 
several  months,  only  a few  illustrative  examples 
are  reported  here. 

aIR  quality  DATA  - Before  presenting  a statis- 
tical summary  of  the  aerometrlc  data,  we  will  first 
define  the  range  of  data  values  regarded  as  accept- 
able or  physically  allowable  (given  the  instrument 
range  setting,  instrument  threshold  and  accuracy), 
as  well  as  the  "data  windows"  used  in  the  computer 
program  that  generates  the  hourly  average  data  tape. 
Some  discussion  of  the  selection  of  "data  windows" 
is  given  in  Ref.  16;  however,  our  selection  of 
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Fig.  2 - Diagram  of  Williams  Air  Force  Base,  show- 
ing the  five  air  quality  monitoring  stations  as 
solid  squares. 


threshold  concentrations  Cx  (such  that  concentra- 
tions, C,  in  the  range  < C < Cx  are  set  equal 

to  Cx)  is  based  on  a combination  of  conversations 
with  the  experimenters,  instrument  manufacturer's 
specifications,  and  a strong  desire  to  avoid  taking 
the  logarithm  (in  order  to  compute  geometric  means) 
of  a number  too  close  to  zero.  The  measured  and 
computed  minimum,  maximum,  and  threshold  concentra- 
tions for  eight  pollutants  are  given  in  Table  2. 

As  a first  step  before  more  detailed  analyses, 
it  is  often  instructive  to  examine  the  frequency 
distributions  of  the  measured  quantities;  examples 
are  shown  in  Figs.  3 and  4.  Visual  inspection  of 
such  distributions  quickly  gives  one  an  estimate 
of  the  mean,  median,  standard  deviation,  range,  and 
statistical  nature  (e.g.,  normal,  log-normal)  of 
the  measurables  and  occasionally  reveals  systematic 
problems  in  the  data.  For  example,  an  uncharacter- 
istic bimodal  shape  in  the  Station  2,  October  car- 
bon monoxide  distribution  led  to  the  discovery  of 
an  instrument  calibration  problem  that  had  existed 
during  a two-week  period. 

Statistical  properties  of  the  entire  13-month 
data  sample  are  given  in  Table  3.  Similar  summa- 
ries exist  for  each  month,  but  are  not  included 
here. 

Referring  back  to  the  hypothesis  on  algnal-to- 
noise  ratio  (Hypothesis  Itl  on  previous  page)  , we 
see  that  a reasonable  fraction  of  the  data  lies 
well  above  instrument  threshold  and  noise  levels 
for  all  stations.  Further  insight  into  the  hour- 
to-hour  variations  can  be  obtained  from  typical 
three-dimensional  concentration  time  histories 
(see  Fig.  5)  and  diurnal  variations  of  mean  con- 
centrations (see  Fig, 6) . 

A somewhat  better  way  to  view  the  statistical 
nature  of  tlie  measured  quantities  is  to  display 
cumulative  frequency  distributions.  Examples  of 
cumulative  frequency  distributions  for  the  13- 
month  data  sample  are  presented  in  Fig.  7 in  log- 
probability  form.  The  interesting  characteristic 
of  the  log-probability  plot  is  that  a log-normal 
distribution  transforms  into  a straight  line  that 
intercepts  tlie  50-percentile  point  at  the  geometric 
mean  and  has  a slope  proportional  to  the  geometric 
standard  deviation.  Table  4 summarizes  some  pro- 
perties of  the  cumulative  frequency  distributions 
for  each  pollutant  and  for  each  monitoring  station. 
In  all  cases,  the  value  given  for  the  99.99  percen- 
tile is  the  second  highest  value.  (The  highest 
value  is  excluded  since  using  it  would  require  the 


Table  1 - Variables  Measured  at 
Williams  Air  Force  Base 

Aerometrlc  Variables 

• At  five  stations:  CO,  NOx,  NO,,  THC,  NMHC,  b„^,„ 

Meteorological  Variables 

• At  five  stations:  wind  speed  and  direction,  o. 

0 

• At  base  weather  station:  all  standard  WABAN 
meteorological  variables 

• Other  measurements:  depth  of  mixing  layer  (acous 
tic  sounder) , solar  insolation,  atmospheric  turbu 
lence  (u,  v,  w)  vertical  temperature  gradient. 
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Table  2 - Minimum,  Maximum,  and  Threshold  Concentration  Values 


Concentrations  (in  ppm  unless 
otherwise  indicated) 


Pollutant 

Minimum 

(C^in) 

Maximum 

Thresho. 

(Cx) 

Nitric  Oxide  (NO) 

-0.02 

0.5 

0.002 

Oxides  of  Nitrogen  (NO^) 

-0.02 

0.5 

0.002 

Methane  (CHq) 

1.25 

8.0 

1.3 

Total  Hydrocarbon  (THC) 

1.25 

8.0 

1.3 

Carbon  Monoxide  (CO) 

0.0 

8.0 

0.05 

Nephelometer  Readings 

(6scAT) 

0.0 

9.9** 

0.1^ 

Nitrogen  Dioxide  . 

[NO2  (-  NOx  - N0)]“ 

-0.2 

0.5 

0.002 

Nonmethane  Hydrocarbons 

[NMHC  (=  THC  - ^4)]^^ 

-0.2 

8.0 

0.05 

g, 

-'1  -1 

Values  given  in  units  of 

10  m . 

^Including  CmiN  and  Cm^  bounds  on  and  NO. 


*”Tncluding  and  CmaX  bounds  on  THC  and 
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Fiij.  3 - Frequency  diatribution  for  hourly  average 
nitric  oxide  levels  at  WAFB,  June  1976  - June  1977, 
all  stationH 


Fig.  A - Frequency  distribution  for  hourly  average 
carbon  monoxide  levels  at  WAFB,  June  1976  - June 
1977,  all  stations 


presentation  of  lOOX  of  the  data  which  is  not  pos- 
sible in  sucli  a graph.)  It  can  be  seen  from  Table  A 
that,  with  the  exception  of  Station  A,  the  stations 
observe  rather  similar  cumulative  frequency  distri- 
butions for  tile  various  pollutants.  An  examination 
of  the  source  environments  of  each  monitoring  sta- 
tion indicates  that  wliereas  Stations  1,  2,  3,  and 
5 are  exposed  to  aircraft-related  effluents  during 
idling,  taxiing,  and  runway  operations.  Station  A 
is  more  isolated  from  aircraft  .sources  (except 
during  easterly  winds)  and  tends  to  be  much  more  in- 
fluenced by  surrounding  stationary  and  mobile 
sources  (internal  combustion  and  diesel  engines). 


This  station  placement  was,  of  course,  by  design. 
Although  not  discernible  from  tlie  data  given,  the 
cumulative  frequency  distributions  tend  to  indicate 
that  most  of  the  aerometrlr  variables  are  log- 
normally  distributed.  Methane  and  total  hydrocar- 
bons (of  which  the  dominant  fraction  is  methane), 
depart  significantly  from  log-normality.  In  fact, 
methane  appears  to  be  more  normally  than  log- 
normally  distributed,  as  one  would  expect  for  a 
quantity  having  a global  nature  (l.e.,  not  result- 
ing front  identifiable  Isolated  sources). 
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l^ig.  5 - Three-dimensional  time  history  of  observed 
carbon  monoxide  concentrations  at  Station  2 during 
January  1977 


METEOROLOGICAL  DATA  - Analysis  of  the  meteoro- 
logical data  reveals  several  interesting  features. 
First,  from  the  viewpoint  of  applicability  of 
Gaussian-type  plume  models  (such  as  AQAM)  it  is 
important  to  examine  the  degree  of  homogeneity  of 
meteorological  conditions  over  the  entire  air  base 
during  each  one-hour  averaging  period.  For  this 
purpose,  it  is  useful  to  define  two  quantities,  or 
"q-factors," 

n (u,  -u)2 

2 = i I 

''li  " n i=l  n^ 


(0^  -0)^ 


-2 

0 


where:  uj^  and  arc  the  wind  speed  and  direction 

at  tlie  1th  station,  u and  0 are  their  n-station 
means,  and  is  the  n-station  mean  standard  devia- 
tion of  wind  direction  within  the  hour. 

These  quantities  q,j  and  qe  measure,  within  a 
given  hour,  the  root-mean-square  relative  deviation 
of  individual  station  measurements  of  wind  speed 
(ui)  and  wind  direction  (Oj^)  about  their  respective 
n-statlon  means  for  that  hour.  The  smaller  the  qu 
and  qg  values,  the  more  spatially  homogeneous  the 
wind  field. 

Figure  8 shows  a frequency  dlstrlbutloii  of  q^ 
factors  (one  for  each  liour  of  data)  based  on  devia- 
tions of  wind  speed  from  the  four-station  (Station 
4 excluded)  average  wind  speed.  This  figure  Indi- 
cates that  for  almost  all  hours  the  deviations  are 
less  than  20%.  On  the  other  hand,  when  a similar 
plot  is  made  of  the  deviations  of  Station  4 wind 
speed  readings  from  the  four-station  mean  (Station 
4 excluded)  the  deviations  are  found  to  be  substan- 
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Fig.  6 - Diurnal  variations  of  mean  carbon  monox- 
ide concentrations  at  WAFB,  Station  2 


Table  4 - Ciunulativu  Frequency  Distributions 
of  Air  Quality  Data  from  WAFB 
June  1976  - June  1977 


Monitoring  Station  Number 


Percentile 

1 

2 

3 

4 

5 

Nitric 

Oxide 

50 

0.002 

0.003 

0.002 

0.003 

0.002 

95 

0.008 

0.007 

0.007 

0.018 

0.010 

99 

0.016 

0.016 

0.015 

0.038 

0.016 

99.99 

0.106 

0.115 

0.094 

0.131 

0.059 

Std.  Dev.* 

2.60 

2.09 

2.05 

2.75 

2.40 

Nitrogen 

Dioxide 

50 

0.005 

0.006 

0.007 

0.010 

0.006 

95 

0.022 

0.026 

0.028 

0.044 

0.028 

99 

0.047 

0.045 

0.053 

0.074 

0.051 

99.99 

0.108 

0.113 

0.108 

0.147 

0.097 

Std.  Dev.* 

2.55 

2.65 

2.10 

2.52 

2.47 

Carbon 

Monoxide 

50 

0.096 

0.124 

0.081 

0.243 

0.133 

95 

0.386 

0.444 

0.400 

1.027 

0.582 

99 

0.856 

0.832 

0.765 

1.775 

1.050 

99.99 

2.026 

2.471 

2.261 

3.962 

2.172 

Std.  Dev.* 

2.11 

2.02 

2.23 

3.57 

2.04 

Nonmethane 

Hydrocarbons 

50 

0.048 

0.079 

0 . 064 

0.151 

0.058 

95 

0.224 

0.288 

0.257 

0.527 

0.234 

99 

0.397 

0.435 

0.417 

1.007 

0.412 

99.99 

1.554 

1.330 

2.002 

3.983 

1 .734 

Std.  Dev.* 

3.18 

3.73 

3.38 

3.54 

3.19 

*Georaetric  standard  deviation 


tialiy  greater,  as  shown  in  Fig.  9.  Similar  results 
are  obtained  for  the  qg  factors.  Hence,  not  only 
is  Station  4 distinct  from  the  other  stations  with 
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Kig.  7 - Cumulative  frequency  distributions  of  hourly  average 
nitric  oxide  concentrations  at  WAKB,  June  1976  - June  1977 
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Fig.  8 - Wind  speed  q f.-ictor  for  WATIi  Stations  1,  2, 
3,  and  5 combined,  based  on  deviations  of  the  wind 
speed  from  the  four-station  (Station  ^ excluded) 
average  wind  speed,  June  1976  - June  1977 


Fig.  9 - Wind  speed  q factor  for  WAFB  Station  4, 
based  on  deviations  of  tlie  wind  speed  from  tlie  four- 
station  (Station  A excluded)  average  wind  speed, 

June  1976  - June  1977 
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respect  to  aerometric  readinss,  but  also  with  re- 
spect to  meteorological  measurements.  Obviously, 
Station  A should  not  be  used  as  a reference  station 
for  defining  the  air  base  uniform  wind  field. 

Another  Interesting  feature  of  tl>e  meteorolog- 
ical data,  i.e.,  the  wind  field,  is  the  strong  cor- 
relation between  wind  direction  (and  to  a lesser 
extent,  wind  speed)  and  time  of  day.  This  la  shown 
in  Fig.  10,  wiilch  is  a scatter  plot  of  hourly-aver- 
age wind  direction  measurements  at  Station  2 vs. 
time  of  day.  Such  a strong  wind-direction/time-of- 
day  correlation  has  correspondingly  strong  implica- 
tions for  the  air  quality  data  dependence  on  time 
of  day.  More  specifically,  since  the  pollutant 
sources  that  are  "seen"  by  a particular  monitoring 
station  are  strongly  dependent  on  wind  direction, 
they  are  implicitly  dependent  on  time-of-day.  This 
dependence  is,  of  course,  superimposed  on  any  time- 
dependent  source  emission  rates  that  are  character- 
istic of  the  sources. 

EMISSION  DATA  - The  discussion  in  this  section 
is  limited  to  Hypothesis  //3  given  on  page  2 
which  states  that  the  aerometric  signals  are  corre- 
lated with  the  aircraft  operations  activity  infor- 
mation. Apriori,  one  expects  this  hypothesis  to  be 
valid  for  monitoring  stations  located  such  that 
their  received  signals  are  dominated  by  the  aircraft 
sources  (provided,  of  course,  that  the  stations  are 
operating  properly  and  the  aircraft  activity  data 
are  correct).  Unfortunately,  if  the  background 
pollutant  concentrations  (coming  from  nonaircraft 
sources)  are  dominant,  as  they  tend  to  be  at  Williams 
Air  Force  Base,  it  is  not  at  all  clear  whether  this 
hypothesis  should  be  valid  for  any  of  the  stations. 
Figure  11,  in  fact,  indicates  that  the  carbon  monox- 
ide concentrations  observed  at  Station  2 ate  indeed 
■ignlf icantly  correlated  (at  the  3 standard-devia- 
tion level)  with  hourly  aircraft  emission  rates. 
Figure  12  shows  the  expected  stronger  correlation 
between  computed  carbon  monoxide  concentrations 
(using  AQAM)  and  hourly  aircraft  emissions. 


Fig.  11  - Observed  carbon  monoxide  concentrations  at 
WAFB  Station  2 versus  hourly  aircraft  emission  rate 
at  ground  level,  January  1977  daytime  hours  (6  am  - 
3 pm) 
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WIND  DIRECTION  (DEUREES) 


- Wind  direction  at  WAFB  Station  2 versus 
day,  June  1976  - June  1977 


Fig.  12  - AQAM  II  predicted  carbon  monoxide  concen- 
trations at  WAFB  Station  2 versus  hourly  aircraft 
emission  rate  at  ground  level,  January  1977  daytime 
hours  (6  am  - 3 pm) 


MODEL  TESTING 

To  date,  only  a limited  amount  of  model  testing 
has  been  done  due  to  the  late  acquisition  of  the 
necessary  AQAM  input  data.  Examples  for  January, 
1977,  including  comparisons  between  predicted  and 
observed  hourly  CO,  and  NMHC  concentrations  are 

presented  here. 

Because  of  the  dominance  of  background  pollu- 
tant levels  over  air-base-related  levels,  it  would 
appe  .r  necessary  to  separate  out  the  background  con- 
tributions and  base  source  contributions.  There  are 
several  approximate  methods  of  doing  this,  but  none 
is  completely  free  of  faults.  However,  since  en- 
viron sources  are  Included  in  the  emission  inventory. 
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a direct  comparison  can  be  attempted  between  total 
observed  pollutant  concentrations  and  total  predict- 
ed values.  Scatter  plots  of  total  predicted  vs. 
observed  CO,  NMHC,  and  NO^  concentrations  are  shown 
in  Figs.  13,  lA,  and  15,  respectively.  The  diagon- 
al lines  In  the  figures  enclose  predictions  that 
are  within  a factor  of  two  of  the  corresponding 
observations;  these  lines  enclose  approximately 
AO  to  50%  of  all  the  plotted  points.  This  result 
Is  similar  to  model  testing  results  obtained  by 
authors  who  have  tested  short-term  urban  sulfur 
dioxide  models  In  several  cities,  as  reported  In 
Ref.  17.  What  is  particularly  surprising  about  the 
predictions  is  that  they  are  even  in  the  same  range 
as  the  observations,  l.e.,  that  all  the  points 
occupy  a roughly  square  region  of  the  scatter  plot. 

While  the  above  results  are  encouraging,  they 
do  not  address  some  of  the  more  pertinent  Issues. 

The  main  objective  In  developing  the  AQAM  was  to 
simulate  the  air  base,  and  especially  the  aircraft, 
contributions  to  air  quality.  Hence,  some  metlioda 
are  needed  to  separate  the  total  air  pollutant 
levels  Into  environ  or  background  concentrations 
and  the  contributions  of  interest.  These  methods 
must  be  applicable  to  both  the  predictions  and  the 
observations.  Of  course,  since  the  model  requires 
an  emission  inventory  on  a source-by-aource  basis. 

It  Is  easy  to  separate  the  background  and  air  base 
sources  and  therefore,  their  contributions  to  the 
predicted  air  pollutant  levels.  But,  such  an 
approach  obviously  is  not  applicable  to  the  observed 
air  quality.  The  most  promising  approach  is  to 
remove  the  hourly  "isotropic  component"  from  each 
set  of  hourly  station  observations  and  predictions. 
This  hourly  Isotropic  component  Is  defined  as  the 
arithmetic  mean  of  the  five-station  observed  (Cg) 
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Fig.  lA  - AQAM  II  predicted  versus  observed  hourly 
average  nonmethane  hydrocarbon  concentrations,  WAFB, 
January  1977  - parallel  lines  indicate  factor  of  2 
level  of  agreement 


Fig.  13  - AQAM  II  predicted  versus  observed  hourly 
average,  carbon  monoxide  concentrations,  WAFB, 
January  1977  - parallel  lines  indicate  factor  of 
2 level  of  agreement 


Fig.  15  - AQAM  II  predicted  versus  observed  hourly 
hourly  average  concentrations,  WAFB,  January 
1977  - parallel  lines  indicate  factor  of  2 level  of 
agreement 
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and  prodii’Led  (Cp)  concfiit rat  iims . Ri*mt>ving  this 
Isotropic  coraponont  from  each  lioiirly  concentration 
results  in  observed  and  predicted  values  j’iven  byt 

^o  ■ ^o  “ ^o 

” ''p  ' ‘t 

wlicTo  (:„  and  Cp  refer  respectively  tn  the  total  ob- 
served and  predicted  concentrations  iit  the  speci- 
fied station,  and  the  primed  quantities  refer  to 
reduced  (with  isotruplc  components  removed^  con- 
centrat ions . 

The  reduced  concent  rut  Ions  can  he  both  posi- 
tive and  negative.  In  fact,  if  the  reduced  pre- 
dicted and  observed  concentrations  ari'  completely 
uncorrelated,  both  the  magnitude  and  the  signs  of 
the  and  Cp  values  would  ho  randomly  distributed 
relative  to  eacli  other.  More  Interestingly,  and 
this  Is  really  tlie  point  of  this  approach,  even 
If  the  total  ))redicted  and  observed  concentrations 
show  a fairly  high  degree  of  correlation,  because 
the  local  source  contributions  uf  Interest  arc 
small,  nothing  cun  be  said  about  how  well  the  model 
actually  simulates  their  contributions.  On  the 
other  hand,  since  the  major  portion  of  the  signals 
is  removed,  the  reduced  concentrations  are  much 
more  sensitive  to  the  local,  i.e.,  .aircraft  and 
air  base,  sources.  Hence,  It  Is  interesting  to 
compare  the  quantities  Cy  and  Cp  directly.  Figure 
16  shows  a scatter  plot  of  the  reduced  carbon 
monoxide  concentrations  for  January  1977.  It  is 
easy  to  see  that  the  reduced  concentrations  are  not 
randomly  distributed  relative  to  each  other  since 
the  points  have  a strong  preference  for  the  first 
and  tlilrd  quadrants.  This  means  that  when  a sta- 
tion has  an  observed  concentration  greater  than  the 
observed  five-station  moan.  It  also  has  a predicted 
concentration  greater  than  the  five-station  pre- 
dicted mean.  This  In  turn  Implies  that  theory  and 
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Fig.  16  - Observed  versus  AQAM  II  predicted 
"background  subtracted"  carbon  monoxide  levels 
January  1977  - background  Is  defined  separately  for 
observed  and  predicted  concentrations  as  the  five- 
station  arltlimetic  mean  for  the  hour 


experiment  essentially  .agree  on  the  pollutant  rank 
ordering  of  the  stations.  Of  course,  there  remains 
a considerable  scatter  of  the  points  about  the  45“ 
line  that  would  be  the  locus  of  all  points  If 
there  was  perfect  agreement  between  theory  and 
expor  Iment . 

CONCLUSIONS  AND  FUTURE  WORK 

Analysis  of  the  air  quality  data  obtained  at 
Williams  Air  Force  Base  Indicates  that  while  the 
measured  pollutant  concentrations  are  generally 
very  low,  there  does  appear  to  be  enough  data  with 
concentratio'  - Inst,  ui...-  i .i  1 thresholds  and 

lower  accuracy  limits  to  permit  some  model  testing. 
Furthermore,  a significant  correlation  exists 
(albeit  a great  deal  of  scatter)  between  hourly 
aircraft  emissions  and  observed  hourly  pollutant 
levels,  at  least  for  carbon  monoxide. 

With  respect  to  the  meteorological  data,  the 
prime  requirement  that  the  wind  field  be  spatially 
homogeneous  seems  to  be  satisfied  a largo  fraction 
of  the  time,  except  at  Station  4 which,  because  of 
its  placement,  produces  anomalies  In  both  wind 
field  and  aerometrlc  data  (relative  to  the  other 
four  stations)  . 

Comparisons  between  total  predicted  and  ob- 
served pollutant  concentrations  Indicate  that  the 
model  generates  results  in  the  correct  concentra- 
tion range  and  that  about  40  to  50%  of  the  predic- 
tions are  within  a factor  of  two  of  the  correspond- 
ing observed  valtics.  Comparisons  of  reduced  con- 
centrations (Individual  station  values  minus  five- 
station  means)  show  that  the  theory  and  experiment 
essentially  agree  on  the  pollutant  rank  ordering 
of  the  stations. 

Work  during  the  coming  year  will  test  about 
20  hypotheses  regarding  the  data  and  compare  ob- 
servations with  model  predictions  using  the  entire 
13-month  data  set.  Both  the  standard  AQj\M  (called 
AQAM  I for  convenience)  and  a slightly  more  detailed 
model  (called  AQAM  II)  will  be  tested  and  compared 
to  determine  the  relative  merits  of  various  model 
improvements.  These  improvements  include  more 
detailed  treatment  of  aircraft  taxiing  operations, 
use  of  actual  hourly  aircraft  activity  data  in- 
stead of  statistically-distributed  annual  data, 
use  of  acouatic-Bounder-determined  mixing  depths, 
incorporation  of  new  algorltlims  for  aircraft  plume 
rise  and  low  vjind  speed  conditions,  and  use  of 
modified  turbulence  parameters.  Final  reports  will 
be  prepared  by  September  1979. 
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DISCUSSION 

PANOFSKY:  Quite  often,  when  one  finds  the  maximum 
of  something  in  the  middle  of  night  it  is  because 
speed  is  a minimum  then.  Did  you  find  anything  like 
that,  any  diurnal  variation  of  wind  speed? 

ROTE:  There  were  a couple  of  things.  The  wind 
speed  tended  to  be  maximum  in  the  middle  of  the  day 
and  quite  light  during  the  night.  Also,  It  Is  a 
desert  situation.  You  usually  go  from  extremes  of 
convective  mixing  in  the  day  to  very  limited  mixing 
at  night  and,  in  fact,  you  see  the  maxlmums  very 
early  in  the  morning  and  very  late  at  night. 

PANOFSKY:  Do  you  think  that  might  account  for  some 
of  the  diurnal  maxlmums  in  pollution  at  night? 

ROTE:  Yes,  that  plus  the  wind  direction  variation, 
yea. 

PANOFSKY:  Any  questions? 

UNIDENTIFIED:  How  many  aircraft  operations  per 
hour? 

NAUGLE:  That  is  a tremendous  range  from  zero  to, 

In  the  order  of,  60  or  70  aircraft  per  hour. 

This  model  treats  it  on  an  hour-by-hour  basis. 

UNIDENTIFIED:  I would  like  to  ask  a geuarol  qiies- 
tlon  and  leave  it  to  your  dlBcretlon  to  apply  it  to 
station  four. 

In  using  a Gaussian  dispersion  formulation,  is 
there  uny  inherent  preference  for  locutions  within 
the  grid  structure  and,  if  so,  Is  there  uny  way  to 
tune  or  adjust  the  calculating  capacity  of  your 
model  to  get  exact  predictions  for  the  aite  locu- 
tions, usBumlng  the  site  locutions  cannot  be  plckad 
by  the  model? 

ROTE:  The  way  the  model  is  set  up,  there  is  nu 
discrimination  for  or  against  station  placement  or 
source  location.  As  fur  us  tuning  the  model  is 
concerned,  probably  the  only  tuning  that  you  could 
do  that  would  be  reasonable  would  bo  to  look  at  the 
dliaensions  given  to  the  source  initially. 

The  model  uses  an  approximation  that  trouts 
each  physical  source  us  though  It  were  Initially 
contained  in  some  finite  volume,  atid  the  choice  of 
that  initial  finite  volume  requires  a luir  amount 
of  Judgment. 

There  you  can  do  some  tuning.  But,  for  example. 
If  you  arc  talking  about  an  aircraft,  once  you  have 
assigned  an  initial  set  of  dimensions  to  the  aircraft 
plume,  you  are  stuck  with  that  set  of  dimensions  no 
matter  where  the  aircraft  is. 

As  for  the  effect  of  buildings,  ouch  source  Is 
treated  either  as  a point,  a line,  or  an  area. 

In  the  cose  of  buildings,  we  generally  treat 
the  source.  That  is  to  say,  if  there  are  sources 
close  enough  to  a building  to  be  Influenced  by  Its 
height,  we  assign  a dimension  to  that  source  that 
is  commensurate  with  the  size  of  the  building  and 
assume  that,  in  fact,  there  will  be  height  effects. 

Again  you  have  the  freedom  In  that  case  to 
assign  an  Initial  set  of  dimensions  that  w }iild 
approximate  the  height  effects,  but  It  is  a very 
crude  treatment  to  a very  complex  problem. 
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abstract 

General  Av'-'.tlon  aircraft  emissions  have  ueen 
■easurei'  al  an  extremely  hiisy  airfield  with  traffic 
levels  .11  excess  cf  250  operations  per  hour.  At  no 
tiim  were  anv  significant  levels  of  pollution  de- 
tected, and  no  meiisui  ali  le  effect  of  the  airport 
upon  llie  liual  community  was  seen.  These  me.asure- 
ments  hive  pernitted  theoretical  disperploii  rates 
to  be  compared  wltn  actual  measurements,  Dif- 
ferenies  between  actual  and  tlieoretical  dispersion 
rate!  have  lieen  uncovered.  riiese  differences  raise 
guest  ioii'i  as  to  tlie  accuracy  i.  pollution  models 
when  they  do  not  Include  aircraf c-specll Ic  disper- 
sion In  format  ton. 


CARBON  MONOXIDE  (CO)  CONCENTRATIONS  were  measured 
during  a major  tly-in  ol  general  aviation  (GA)  and 
experimental  aircraft  at  Lakeland  Airport,  Florid.-> 
from  .'anuary  23  thru  29,  1978.  Over  3000  aircraft 
p.-.rt  icipated  in  this  fly-in,  where  in  excess  of  250 
aircraft  operations  per  hour  were  experienced.  The 
purpose  .if  the  measurements  was  to  quantity  the 
effect  of  emissions  from  GA  aircraft  on  air  quality 
under  extreme  condltlcns  of  airport  activity.  The 
Federal  Aviation  Administration  (FAA) , in  conjunc- 
tion with  the  Environmental  Protection  Agency  (EPA) , 
planned  the  measurement  activity.  Three  FAA-owned 
Energetic  Sciences  "Ecolysers"  (CO  monitors)  were 
used.  EPA  personnel  parti ci-ated  rn  the  field  pro- 
gram and  assisted  in  data  gathering. 

Figure  1 is  an  aerial  view  of  the  airport  and 
the  lightly  populated  surrounding  countryside  and 
Figures  2 and  3 show  the  operating  pattern  at  the 
airport  during  easterly  and  westerly  winds,  respec- 
tively. Figure  A shows  the  location  of  the  25  moni- 
toring sites  used  at  one  time  or  another  in  the 
course  of  the  data  gathering.  Measurements  were 
made  during  aircraft  landing,  takeoff  and  taxi 
modes.  Additionally,  an  instrument  was  set  up  in 
an  auto  which  was  periodically  driven  around  the 
entire  airfield  at  the  periphery,  in  attempts  to 
detect  gross  airport  contributions  to  the  local  CO 
"background."  Within  the  discriminating  capability 
of  Che  equipment  this  was  not  possible,  nor  were 


significant  observable  levels  of  CO  measured  during 
any  of  some?  50  observed  landings. 


Fig.  1 - Aerial  View  of  Lakeland  Airport,  Fla. 


From  all  these  measurements  taken  under  a variety  of 
airplane  activity,  and  meterr! ogical  conditions,  the 
maximum  projected  one-hour  average  concentration 
measured  at  positions  where  people  might  be  expec- 
ted to  be  located  was  less  than  2 parts  per  million 
(ppm)  by  volume.  This  concentration  is  insignifi- 
cant (1)*  when  compared  to  the  one-hour  National 
Ambient  Air  Quality  Standard  (NAAQS)  of  35  ppm. 

These  measurements  constituted  one  consideration  in 
the  formal  recommendation  by  the  EPA  to  withdraw  GA 
engine  emission  standards  (2). 

Analysis  of  these  measurements  not  only  showed 
the  small  influence  of  GA  aircraft  on  air  quality 
but  also  for  the  first  time  quantified  the  disper- 
sion rate  from  individual  and  groups  of  GA  aircraft 
that  were  landing,  taxiing  and  taking-off.  Compar- 
ison of  these  measurements  with  theory  Indicates 
that  some  models  may  not  account  for  the  unique 
dispersion  characteristics  of  the  hot,  turbulent 
•airplane  emission  source. 


*Numl)ors  in  parentheses  designate  Refereni'.es  at 
end  of  paper 
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winds  - Lakeland  Airport 


Fig.  3 - Airport  Operations  During  Westerly 
Winds  - Lakeland  Airport 


Fig.  4 - Monitoring  Sites  - Lakeland  Airport 
January  23-30,  1978 
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APPROACH 

To  fulfill  the  need  for  mobile  monitoring, 
Ecolysers  and  associated  strip  chart  recorders  were 
placed  In  the  two  automobiles  used  in  this  monitor- 
ing effort.  By  reinforcing  the  radio  antenna  with 
a dowel,  and  by  attaching  the  air  sampling  tube  to 
this  dowel,  an  effective  mobll  air  sampling  system 
v;as  devised.  Figures  5 and  6 show  this  installation 
with  the  instruments  placed  Inside  and  outside  the 
automobile.  Where  a third  monitoring  site  was  re- 
quired the  installation  shown  in  Figure  7 was  used. 
Instruments  were  calibrated  with  20  ppm  calibration 
gas  twice  per  day  and  before  and  after  each  major 
series  of  measurements. 

The  monitoring  procedure  was  similar  to  the 
one  used  at  Dulles  International  Airport  to  monitor 
Concorde  Emissions  (3,4).  Three  monitors  were 
placed  in  a line  abeam  to  the  path  of  a taking-off 
or  taxiing  aircraft  so  that  these  instruments  could 
sequentially  detect  the  exhaust  "plume"  of  aircraft 
emissions  as  the  plume  was  transported  by  the  wind 
over  the  three  stations.  In  addition,  as  mentioned 
.above,  a car  instrumented  with  an  Ecolyser  was  per- 
iodically driven  around  the  entire  airport  in 
attempts  to  detect  the  gross  airport  contribution 
to  the  local  vicinity  CO  "background." 

Measurements  were  also  taken  during  landing, 
takeoff  and  taxi.  Taxi  measurements  were  made  at 
both  (multiple  event)  and  low  (single  event)  ac- 
tivity times. 


I'ij;.  3 - Monitoring  InsLal  l.ation  - Ins'.tic  Autiimobile 


Fig.  6 - Monitoring  I n.s  t .i  I 1 ,i  1 1 on  - 


Du  I s i do  All  t oinob  i 1 o 
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7 - MoiiitoiiiiH  J iiHla  1 1 rU  i on  - Non-mob  i 1 1' 


RE«ULTS 

l,ANI)INC;  MEASURlihffiNTS  - On  January  27,  emissions 
from  over  50  landing  aircraft  were  measured  at  site 
20.  (figure  A).  Winds  were  from  the  nortli  at  18 
miles  per  hour  (mph)  and  a "C"  stability  was  esti- 
mated. 

No  concentration  above  background  level  was 
recorded  at  this  site,  located  ASO  ft.  from  the 
runway . 

TAKEOFF  MEASUREMENTS  - On  January  29,  emissions 
from  over  30  taking-off  aircraft  were  measured  at 
sices  20,  21  and  22.  (Figure  4).  Wind  was  from 
330°  at  12  mph  and  a "B"  stability  was  estimated. 

The  strip  chart  trace  from  a typical  taking- 
off  GA  aircraft  is  shown  in  Figure  8.  Emissions 
from  this  modern  GA  aircraft  are  quite  low. 

However,  at  sites  20,  21  and  22,  we  also  re- 
corded the  higliest  pollution  levels  of  the  entire 
week.  This  occurred  when  a World  War  II  vintage 
B-25  took  off.  The  strip  chart  trace  of  this  take- 
off is  shown  in  Figure  9.  These  high  emission 
levels  from  the  large  radial  engines  of  tliis  air- 
craft which  were  cliaracteristic  of  both  military 
and  commercial  aircraft  of  tliat  time  period  are  to 
be  compared  with  the  almost  undetectable  pollution 
produced  by  the  turbine  engines  used  in  present  day 
commercial  aircraft  (3, A).  This  comparison  indi- 
cates tliat  pollution  has  been  dr.istically  reduced 
by  tile  aircraft  industry  in  developing  the  gas  tur- 
bine engine  technology  of  the  present  era. 

Dispersion  measurements  permit  determination 
of  the  power  law  exponent  to  wliich  atmospheric  dis- 
persion may  be  related.  This  dispersion  rate  has 
been  measured  during  airplane  taxi  and  takeoi  and 
the  relationship  between  concentration  and  disper- 
sion can  be  expressed  as: 


where  C is  the  concentration  at  downwind  distance  X. 
The  rate  at  which  the  pollutrnt  disperses  is  defined 
as  K.  Peak  concentraulons  oi  those  takeoff  events 
having  adequate  signal  to  background  ratio  were 
averaged  and  were  found  to  disperse  as  in  the 

power  law  expression  listed  above.  This  exponent 
whicl)  is  derived  from  measurement  data  will  be  com- 
pared with  the  theoretical  value  of  tills  exponent 
later  on  in  the  paper. 
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Fig.  S - Trace  of  General  Aviation  Takeoff 
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TAXI  MEASUREMENTS  (LOW  ACTIVITY)  - On  January 
26,  emissions  from  over  40  taxiing  aircraft  were 
recorded.  Wind  was  from  340°  at  15  mph  and  a C 
stability  was  estimated.  Pollution  from  this  mode 
dispersed  ns  X“^‘^  in  the  previously  mentioned  power 
law  relationship 

TAXI  MEASUREMENTS  (HIGH  ACTIVITY)  - The  most 
noteworthy  data  were  obtained  at  station  17,  18  and 
19  between  1700  and  1740  hours  on  January  28,  when 
a continuous  queue  of  over  30  aircraft  streched  down 
the  taxiway  for  more  than  1/2  mile.  Wind  was  from 
345*^  at  12  mph  and  "D"  stability  was  estimated.  Dur- 
ing peak  activity  one  airplane  taxied  by  the  monitor- 
ing station  every  ten  seconds.  As  they  approached 
the  end  of  the  taxiway,  these  air'.raft  were  almost 
continuously  dispatched  down  the  two  takeoff  runways 
et  the  rate  of  278  aircraft  per  hour. 

Because  lioth  taxi  and  takeoff  emissions  Inter- 
mingled at  the  three  monitoring  stations  downwind 
of  the  taxiing  aircraft,  it  was  necessary  to  devise 
a method  for  measuring  emissions  from  the  Laklng-off 
aircraft  only.  This  was  accomplislied  by  moving  tlie 
instrumented  auto  at  site  18  to  site  20  wliich  is 
directly  upwind  of  the  taxiing  aircraft.  Takeoff 
concentrations  were  measured  at  this  location.  Tliis 
move  was  made  after  sufficient  data  had  been  collec- 
ted at  site  18. 

The  contribution  of  takeoff  emissions  to  concen- 
trations at  sites  17,  ''8,  19,  and  20  was  modeled  and 
calibrated  with  measurements  taken  at  site  20.  This 
takeoff  contribution  was  then  siibtrai  f.ed  from  the 
total  concentrations  measured  at  sites  17,  18,  and 
19  to  identify  concent i it  ions  directly  attributable 
to  the  taxiing  aircraft.  Tliese  data  are  plotted  in 
Figure  10.  Multiple  event  taxi  emissions  disperse 
as  in  tha  power  law  relationship  CoX”*^. 
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CONCLUSIONS 

The  following  conclusions  may  be  drawn  "rora  the 
concentration  summary  of  Table  1: 


TABI.K  1 
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1.  From  all  nieasureraents  taken  under  extreme 
aircraft  activity  conditions,  the  maximum  recorded 
concentration  for  CO  at  the  closest  position  wlicre 
people  might  be  expected  to  be  located,  was  less  than 
2 ppm  for  a projected  one-hour  time  period.  This 
concentration  is  insignificant  when  compared  to  the 
one-hour  NAAQS  of  35  ppm. 

2.  The  highest  CO  concentration  ever  recorded 
of  the  dispersing  plumes  of  a taking-off  airplanes 
(22  ppm  at  335  ft.  from  the  runway  centerline)  was 
measured  at  Lakeland  Airport  on  January  29,  1978. 

This  measurement,  which  was  from  . llorld  War  II 
vintage  11-25,  indicates  tliat  airplanes  have  been 
significant  sources  of  CO  pollution  in  the  past. 


SEGAL 

But,  this  problem  is  not  present  today,  as  is  evi- 
denced by  the  extremely  low  pollution  levels  of 
modern  General  Aviation  aircraft  (less  than  3 ppm  at 
335  ft.  from  the  runway)  and  the  hardly  detectable 
(less  than  1 ppm)  concentration  one  would  expect 
from  the  highly  efficient  turbine  engines  of  the 
present  day  commercial  aircraft  fleet. 

The  measured  dispersion  rates  during  taxi  and 
takeoff  in  some  cases  do  not  coincide  with  the  clas- 
sical dispersion  theory  used  in  most  airport  models. 
This  inconsistency  is  important  to  recognize,  since 
it  may  contribute  to  errors  in  receptor  concentra- 
tions calculated  from  airport  pollution  models. 

While  this  short  terms  measurement  program  was  not 
designed  to  develop  a large  data  base  or  to  explain 
dispersion  inconsistencies,  (no  measurements  of  the 
vertical  propagation  of  the  emission  plume  were 
made)  the  listing  of  the  dispersion  parameters  in 
Table  2 is  an  initial  quantification  of  a number  of 
previously  unmeasured  dispersion  characteristics. 


Table  2 

Apprcxlaate 

Haaaurad 

Thaoret l cal* 

Aircraft 

Propaller 

Powar  Law 

Powar  l.aw 

Hodft 

Speed 

Boeed 

Expoiiant.  k. 

ExDoncnt . k. 

Taxi 

H1>H 

Low 

1.0 

1.8 

(Single  Event) 

CConatant) 

Taxi 

5 MPH 

Low 

O.i 

0.9 

(During  ()ucue) 

(Conetant) 

Takeoff 

25  MPH 

High 

1.9 

l.B 

(Aceelaratlng) 

*D«rlVBd  KrpB  (S) 


Factors  contributing  to  the  Inconsistency  be- 
tween measurement  and  theory  may  be  traced  to  the 
Inability  of  the  theory  to  effectively  account  for! 

a.  Plume  rise 

b.  Extensive  turbulent  field  created  by  the 
high  velocity  fan  action  of  the  propeller.  (The 
extent  and  duration  of  this  turbulent  field  is  un- 
known at  the  present  time.) 

c.  Different  emission  densities  and  turbu- 
lence intensity  along  the  takeoff  path  of  an 
accelerating  aircraft. 
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BOUBEL:  1 am  concer  your  conclusion  about 

the  B-25  and  genera  .lOn  aircraft.  I think  if 

you  look  at  the  rei,  displacement  of  the  engines 

Involved,  you  have  get  one  order  of  magnitude,  so  I 
really  don't  think  that  is  due  to  improved  technology; 

I think  it  is  due  to  the  difference  in  the  quantity 
of  emissions  coming  from  that  particular  aircraft. 

SEGAL:  I am  citing  Just  'hat  was  measured.  For  a 

more  even  comparison  1 thrnk  you  can  carry  the 
reasoning  one  step  further  and  relate  the  low 
emissions  from  a high-power  Jet  aircraft  such  as  the 
747  to  the  high  emissions  from  the  high-power  B-25. 
Carbon  monoxide  emissions  during  takeoff  of  a large 
modern  Jet  aircraft  such  as  the  747  are  extremely 
low,  many  times  lower  than  the  emissions  from  even 
a small  single-engine  aircraft  whose  emissions  are 
in  turn  lower  than  the  emissions  from  a B-25. 

DOWNlEi  I wonder  if  you  could  explain  what  you 
mean  by  normal  atmosphere. 

SEGAL:  If  you  look  at  the  cur''es,  let's  say,  in 
Turner's  workbook,  the  slopes  of  those  curves  be- 
tween B and  E stability  for  Y and  Z sigmas  are  al- 
most identical,  about  42  degrees.  This  comes  out 
to  a power-law  exponent  of  0.9.  That  is  what  I was 
referring  to. 

PASQUILL:  You  appear  to  be  saying  that  theoretically 
you  expect  the  concentration  to  fall  off  with  dis- 
tance to  the  power  of  0.9  near  1 km  from  the  line 
source,  whereas  you  observe  something  very  much 
slower  than  that.  What  is  your  explanation? 

SEGAL:  There  are  only  two  things  that  I can  think 
of  that  would  cause  that.  One  would  be  plume  rise, 
which  would  cause  a flattening  of  it. 

This  would  be  sort  of  a curved  function,  and 
it  would  probably  straighten  out  as  you  got  further 
downwind.  The  second  would  be  the  turbulence  from 
the  source,  which  could  be  accounted  for  by  assuming 
a new  virtual  source  at  an  appropriate  upwind  distance. 

UNIDENTIFIED:  In  other  words,  you  are  saying  you 

should  really  have  plotted  those  points  at  the  nominal 
distance  plus. 

SEGAL:  Exactly. 

UNIDENTIFIED:  Th ; only  other  reason  why  you  would 
expect  a very  low  exponent  wculd  be  if  the  actual  dis- 
persion conditions  were  very  light. 

SEGAL:  Yes.  thank  you. 
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I am  here  representing  Dave  Hawkins,  EPA's 
Assistant  Administrator  for  Air,  Noise,  and  Radia- 
tion. Until  late  yesterday,  Mr.  Hawkins  planned  to 
be  here,  but  a last  minute  fire  fight  made  that  im- 
possible. He  sincerely  regrets  being  unable  to  ap- 
pear before  this  conference,  particularly  because 
of  how  timely  this  meeting  is  in  light  of  EPA's 
plans  to  amend  the  Federal  Aircraft  Engine  Emission 
Standards , 

As  at  least  some  of  you  undoubtedly  know,  the 
standards  now  In  our  regulations  were  issued  in 
July  of  1973  and  were  based  on  air  quality  analyses 
done  for  EPA  during  the  1971-1972  period.  This 
past  March,  we  proposed  amendments  to  these  1973 
standards  and  pointed  out  in  the  preamble  to  the 
Notice  of  Proposed  Rulemaking  that  recent  studies 
show  that  operations  of  small,  privately-owned 
aircraft  — the  general  aviation  segment  of  the 
Industry  — are  not  significant  contributors  to 
air  pollution,  either  on  a regional  basis  or  even 
on  the  basis  of  local  Impact  l,i  and  around  large 
general  aviation  airports.  Accordingly,  we  pro- 
posed that  standards  applicable  to  such  aircraft 
be  rescinded.  We  further  recognl.te  that  current 
pressures  to  improve  the  fuel  efficiency  of  these 
types  of  aircraft  will  inevitably  produce  techno- 
logical improvements  in  their  engines  w\iich  will 
result  in  reduced  emissions  of  hydrocarbons  and 
carbon  monoxide  as  well  ns  reducing  fuel  consump- 
tion --  without  the  administrative  expense  and 
interference  o.'  an  emissions  regulations  program. 

In  contrast,  our  recent  studies  indicate  that 
emissions  caused  by  commercial  alrcic.ft  operations 
at  major  air  terminals  still  appear  to  be  sufficient 
in  magnitude  to  justify  application  of  Federal 
standards  to  engines  which  power  such  aircraft. 

The  strength  of  the  air  quality  arguments  supporting 
control  of  aircraft  emissions  do,  however,  vary 
with  respect  to  the  individual  constituents  of  those 
eml,sslo:is.  Other  speakers  at  this  conference  will, 

I am  sure,  go  into  considerably  greater  teclinlcal 
detail  in  this  area  than  I can  possibly  do.  Never- 
theless, T can  state  that  in  view  of  the  uncertain- 
ties attenJing  the  air  quality  Impact  of  these  dif- 
ferent exhaust  constituents,  we  Intend  '.o  carry  out 
additional  studies  in  cooperation  with  the  Federal 
Aviation  Administration.  We  are  hopeful  that  these 
studies  will  be  completed  around  the  summer  of  next 
year,  1979,  and  will  permit  final  promulgation  of 
revised  standards  later  that  year. 

We  recently  scheduled  public  hearings  on  the 
Notice  of  I'roposed  Rulemaking  we  issued  in  Marcli. 
Based  on  the  information  gleaned  from  those  hear- 
ings, plus  that  provided  to  us  in  advance  by  those 


commenting  on  the  proposal,  we  may  find  it  possible 
to  proceed  with  final  rulemaking  on  some  aspects  of 
the  proposed  changes  on  an  earlier  schedule.  How- 
ever, It  is  clear  that  the  special  problems  related 
to  the  resolution  of  the  questions  associated  with 
oxides  of  nitrogen  standards  will  make  it  impractical 
for  EPA  to  reach  a decision  on  aircraft  engine  NOjj 
emission  standards  until  late  next  year. 

A related  EPA  activity  bearing  on  the  justifica- 
tion for  NOj{  control,  as  mentioned  by  Mr.  Jordan 
yesterday,  is  our  program  designed  to  produce  a 
short-term  ambient  air  quality  standard  for  nitrogen 
dioxide,  which,  depending  on  the  level  chosen  for 
promulgation,  may  bear  on  the  need  to  control  sources 
such  as  aircraft.  On  the  other  hand,  it  may  not. 

Our  current  schedule  for  Issuance  of  a short-term 
NO2  standard  would  have  us  propose  the  standard  by 
the  spring  of  1979. 

I know  that  this  conference  is  going  to  produce 
much  new  Information  for  publication  in  the  areas  of 
both  monitoring  the  various  species  of  air  pollutants 
at  locations  in  and  around  large  air  terminals  and 
In  advanced  mathematical  modeling  techniques  for  pre- 
dicting pollutant  concentration  levels  In  such  en- 
virons. I am  certain  that  much  has  been  learned  in 
these  areas  since  the  1971  studies  which  led  to  the 
current  standards  for  aircraft  engines  were  completed 
in  response  to  the  1970  amendments  to  the  Clean  Air 
Act.  I also  suspect  that  much  still  remains  to  be 
done  to  develop  mathematical  prediction  tools  that 
have  the  complete  confidence  of  the  scientific  com- 
munity, particularly  in  the  area  of  prediction  of 
oxidant  concentrations  through  models  which  recog- 
nize the  complex  atmospheric  chemistry  of  photo- 
chemical oxidant  formation.  We  believe,  however, 
that  the  Nation  and  our  Agency  must  proceed  to  make 
all  possible  progress  in  the  reduction  of  the  types 
of  pollutants  produced  by  aircraft  and  other  sources, 
even  in  the  face  of  technical  deficiencies  in  the 
most  up-to-date  air  quality  modeling  and  monitoring 
techniques.  In  fact,  decisions  of  this  sort,  the 
balancing  of  the  need  for  a cleaner,  more  healthful 
environment  against  the  desirability  of  proceeding 
with  more  complete,  more  sophisticated  data,  are  a 
dally  fact  of  life  in  agencies  such  as  EPA. 

With  respect  to  the  three  pollutants  of  most 
current  Interest  to  aircraft  operations  — hydro- 
carbons, carbon  monoxide  and  oxides  of  nitrogen  — 

I will  add  a few  remarks  concerning  the  Nation's 
progresB  in  achieving  the  ambient  air  quality  stan- 
dards required  to  be  met  by  the  individual  states. 

The  trend  is  perhaps  most  encouraging  for  carbon 
monoxide,  for  which  the  available  monitoring  data 
appear  co  be  showing  significant  downward  trends 
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for  many  metropolitan  areas  since  the  advent  of 
nationwide  motor  vehicle  emission  standards  In  1968. 
However,  we  are  not  out  of  the  woods  yet.  Our  most 
recent  estimates  show  that  AO  states  plus  the  Dis- 
trict of  Columbia  have  not  yet  attained  the  national 
ambient  air  quality  standards  for  carbon  monoxide. 
Slxty-two  of  the  largest  105  cities  In  the  U.S.  are 
still  experiencing  violations  of  the  national  ambient 
quality  standards  for  carbon  monoxide.  Further, 
recent  studies  relating  to  effects  of  low  concentra- 
tions of  carbon  monoxide  on  the  health  of  persons 
experiencing  coronary  problems  strongly  support  the 
current  national  air  quality  standards  for  carbon 
monoxide  and  suggest  that  It  may  Indeed  not  be  suf- 
ficiently strict. 

With  respect  to  the  oxidant  standard,  the  pros- 
pects for  nationwide  attainment  of  the  national  air 
quality  standard  Is  much  less  encouraging  than  for 
carbon  monoxide.  In  fact  all  possible  efforts  must 
continue  to  be  made  to  control  small  regional  sources 
of  hydrocarbon  In  many  of  the  oxidant  non-attainment 
areas  In  this  country.  The  preamble  to  EPA's  HPRM 
suggests  that  the  cost  effectiveness  of  hydrocarbon 
control  modifications  to  aircraft  engines  la  quite 
comparable  to  that  associated  with  control  of  many 
other  small  hydrocarbon  sources  at  the  community 
level . 

Considering  nitrogen  oxides,  I mentioned 
earlier  the  complication  introduced  Into  the  re- 
evaluation  of  the  aircraft  standards  because  of 
EPA's  responsibilities  under  the  1977  amendments 
to  the  Clean  Air  Act  to  develop  a short  term  NO2 
ambient  standard.  I can  add  that,  while  the  nation- 
wide attainment  of  ambient  air  NO2  goals  In  terras 
of  the  present  standard  does  not  look  as  gloomy  as 
that  for  oxidants.  It  Is  clear  that  effort  toward 
NOjj  control  must  continue.  Progress  has  been  made 
through  automobile  NO^^  emission  standards.  However, 
the  continued  growth  In  emissions  of  nitrogen  oxides 
from  large  stationary  sources  such  as  steam  genera- 
tion plants,  gas  turbines,  gasoline  and  diesel  en- 
gines used  for  community  or  Industrial  power  genera- 
tion needs.  Is  overtaking  the  NOj^  emission  gains 
achieved  by  the  Federal  program  to  reduce  emis- 
sions from  motor  vehicles.  The  current  approximate 
50-50  split  between  emissions  of  nitrogen  oxides 
from  mobile  versus  stationary  sources  Is  likely  to 
be  more  like  30-70  by  1990. 

EPA's  present  program  of  new  source  performance 
standards  for  st.itlonary  sources  of  oxides  of  nitro- 
gen Is  being  expanded.  In  the  face  of  this  expanded 
effort  end  the  associated  costa  of  pollution  control 
equipment  for  large  stationary  sources.  It  would 
Indeed  be  difficult  for  EPA  to  move  too  precipitously 
to  reject  programs  for  control  of  emissions  from 
sources  such  as  aircraft,  when  the  technology  Is 
potentially  available  and  has,  as  I understand  It, 
been  stimulated  greatly  through  research  support  by 
the  National  Aeronautics  and  Space  Administration. 

We  will  of  course  be  delving  much  more  deeply 
Into  Issues  such  as  these  In  the  forthcoming  public 
hearings  on  the  aircraft  standards.  Suffice  It  to 
say,  that  our  evaluations  of  control  strategies 
applicable  to  all  sources  certainly  roust  Include 
the  technological  information  made  available  by 
conferences  such  as  this  one  i.nd  we  are  indeed 
hopeful  that  the  technology  base  relating  to  emis- 
sions Impact  from  aircraft  operations  around  large 
commercial  airports  will  be  much  enhanced  by  your 


contributions  during  these  three  days. 

I will  conclude  ray  prepared  remarks  at  this 
point.  Again,  I appreciate  the  chance  to  share  the 
foregoing  thoughts  with  you  today  and  will  attempt, 
with  Mr.  Klttredge's  assistance,  to  respond  to  any 
questions  you  may  have. 
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1.  THE  CURRENT  STATE  OF  POINT- SOURCE-PLUME  MODEL- 
ING IN  PRACTICE 

The  science  of  atmospheric  dispersion  modeling, 
especially  as  applied  to  the  point-source-plume, 
has  been  the  subject  of  active  review  over  the  last 
few  years.  Notably  there  have  been  expert  reviews 
in  the  U.S.A.  by  F.A.  Gifford  (1,2),  discussing  the 
popular  methods  of  estimating  the  conventional 
dispersion  parameters  Oy  and  (the  Paaqulll- 
Gifford  curves,  the  Brookhaven  ASME  curves  and  the 
TVA  curves),  with  special  reference  to  the  incon- 
sistencies of  these  methods  and  their  limitations 
in  application  to  the  real  flows  which  in  various 
ways  do  not  conform  to  the  ideal  form  assumed. 

Then  there  have  been  several  discussions  (3, A, 5, 7) 
of  the  basis  of  dispersion  estimates  for  Idealized 
atmospheric  boundary  layer  flow,  as  provided  by 
various  theoretical  approaches.  Furthermore,  with 
the  object  of  obtaining  a broader  concensus  on  the 
present  position  in  the  practical  applications, 
the  American  Meteorological  Society  last  year 
organized  a workshop,  the  report  on  which  (6)  goes 
a long  way  toward  clarifying  much  of  the  confusion 
that  has  persisted.  Most  recently  tlie  World 
Meteorological  Organization  has  held  a comprehen- 
sive symposium  on  the  various  aspects  of  boundary 
layer  science  relevant  to  air  pollution  (16), 
including  some  contributions  on  dispersion  in  liilly 
terrain,  a subject  which  has  also  been  reviewed 
separately  and  on  which  active  research  combining 
theory  and  wind  tunnel  model  observations  is  in 
process  (13, lA). 

With  the  existence  of  such  recent  reviews  it 
is  not  proposed  to  emhark  on  yet  another  comprelien- 
slve  account  at  the  present  stage,  and  in  the 
writer's  view  the  most  useful  steps  for  tlie  present 
conference  would  be  to  list  the  recent  references, 
to  underline  currently  outstanding  developments, 
and  to  note  features  which  seem  specially  relevant 
to  the  dispersion  of  pollution  released  at  airports. 
For  the  second  of  these  contributions  it  is  hoped 
that  the  compact  summary  offered  in  Table  1,  which 
is  set  out  in  terms  of  the  P-G  system,  will  be  a 
helpful  guide  to  the  main  points  of  the  fundamental 
basis . 

2.  RECENT  REC0M1U!NDATI0N.S  FOR  MODIFICATION  OF  THE 
P-G  SYSTEM 

As  a consecuence  of  tlie  various  considerations 
referred  to  in  Table  1 certain  recoiiuiiendations  have 
already  been  made  for  modification  of  the  P-G 
system  or  for  adjustment  of  the  o - estimates 


thereby  provided.  Some  of  these  are  quite  specific 
(6)  and  are  summarized  below  with  some  additional 
remarks . 

(a)  Crosswind  spread  should  preferably  be 
estimated  from  a knowledge  of  the  Oq  (the  standard 
deviation  of  the  fluctuation  of  wind  direction) 
actually  applicable  to  the  conditions  of  terrain 
and  airflow.  There  is  nothing  fundamentally  new 
in  such  a procedure,  which  was  in  fact  included  in 
the  original  development  from  which  the  P-G  system 
sprung,  but  there  has  always  been  an  unfortunate 
though  understandable  reluctance  to  undertake  the 
special  measurements  and  analyses  required.  An 
appropriate  working  formula  is 

Oy/OjX  = f(x)  (1) 

the  function  f (x)  being  unity  as  x (the  distance 
downwind)  approaches  zero  and  falling  off  with 
increasing  x in  a manner  which  has  not  yet  been 
prescribed  entirely  satisfactorily  but  which  is 
roughly  as  follows: 

x(km)  0,0  0.1  0,2  0.4  I 2 4 10  10 

f(x)  1.0  0.8  0.7  0.65  0.6  0.5  0,4  0.33  0.33(10/x)‘4  (2) 

For  further  details  and  qualifications  of  the 
procedure  Ref.  (A),  Table  2 and  Ref.  (6)  should  be 
consul  Led , 

(b)  An  additional  crosswind  spread  arises  from 
the  turning  of  wind  direction  with  height,  to  an 
extent  which  seems  unlikely  to  be  Important  for 
distances  loss  than  about  10  km,  and  a rough  rule 
that  has  been  suggested  (A)  for  x > 20  km  is 

+ O.Q3C^oV  (3) 

where  the  first  terra  of  the  sum  is  due  to  the  cross- 
wind  component  of  turbulence  and  is  calculated  by 
the  procedure  in  (a),  and  the  second  term  is  the 
contribution  from  a turning  of  AO  radians  over  the 
whole  depth  of  the  plume. 

(c)  Although  certain  details  still  reiialn  to 
be  settled  it  is  now  possible  to  begin  to  envisage 
the  format  of  a new  set  of  curves  for  Oj,,  in  which 
the  dependence  on  distance,  roughness  of  terrain 
and  atmospheric  stability  will  bo  more  realistically 
.and  comprehensively  represented  than  hitherto.  One 
such  format  has  alreadv  been  suggested  (5)  on  the 
basis  of  the  latest  guidance  avullable  from  Monln- 
Obukhov  similarity,  Surface  Rossby  number  similar- 
ity, and  Deardorff  mixed-layer  similarity. 

(d)  Tlie  P-G  curves  and  the  generalizations 
referred  to  in  (c)  are  applicable  t(<  a surface 
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release  of  poliuLion.  Thoru  liaa  boon  much  debate 
about  tl>e  effect  of  elevation  of  tlie  source,  and  in 
Ref.  (6)  the  well-known  lirookhaven  curves  which 
appear  in  kef.  (8)  are  declared  to  be  ' an  appro- 
priate choice  when  Uj,  Is  less  than  the  effective 
source  height  11  Tills  Is  a perfectly  reasonable 

view  In  that  the  curves  are  a representation  of 
measurements  of  the  ground-level  concentrations 
arising  from  a passive  elevated  source,  but  It 
should  be  kept  In  mind  that  those  measurements  are 
samples  of  behaviour  over  a particular  site  and  that 
a demonstration  of  their  conformity  with  a general 
theory  has  not  been  provided.  M ternnt Ive ly , it  Is 
the  writer's  view  and  also  a recotmiiendation  of  Ref. 

(6)  that  where  possible  a formula  analogous  to  that 
in  (a)  for  oy  should  be  applied,  using  data  on  the 
fluctuation  ot  wind  inclination  at  the  height  of 
the  source.  Although  the  form  of  the  distance 
function  f(x)  is  in  this  case  even  less  well  defined 
than  for  crosswind  spread,  it  does  have  the  some 
limiting  value  of  unity  as  x-'O.  This  result, 
together  with  the  simple  principle  that  when  o,^l\\ 
becomes  large  enough  the  concentration  distribution 
must  approach  that  appropriate  to  a surface  release, 
provides  a basis  for  an  Interpolation  procedure 
which  should  give  a realistic  estimate  at  inter- 
mediate values  of  Oj^/H  also.  In  a new  system  (17) 
just  completed  In  tiie  Meteorological  Office  use  Is 
made  of  the  K-treatiuent  for  vertical  ^.pread,  wiib 
K a function  of  height  (In  accordance  with  the 
latest  generalizations  on  turhulence  In  the  boundary 
layer)  and  also  a function  of  time  of  travel  from 
an  elevated  source,  such  that  in  effect  the  rate  of 
spread  Is  in  accordance  with  statistical  theory  us 
x->0,  as  proposed  above. 

(e)  So  f.'ir  reference  has  been  confined  to 
passive  releases,  but  of  course  when  the  effluent 
rises  bodily,  from  initial  momentum  or  more  impor- 
tant still  under  llie  action  of  buoyancy,  a spread- 
ing process  1 1.  Induced  by  the  rolutlvc  motion  of  the 
plume  and  the  ambient  air.  As  discussed  previously 
(Ref.  (7),  p.  171)  the  addition  to  'p.issivc  source' 
dlfluslon  may  he  import.int  and  even  dominant  to 
begin  with,  espeelally  In  stable  conditions  when 
the  spread  under  the  action  ol  atraosplicr tc  turbulence 
Is  small  or  nogllglljle.  Rased  on  this  discussion 
a rough  rule  has  been  suggested  (and  was  Incorpor- 
ated In  Ref.  (6))  In  the  form 

a;  = of,  1 All^/IO  (4) 

tlie  first  term  in  the  sum  referring  to  a passive 
relea.se  and  the  second  to  the  Induced  spre.ad  of  a 
rising  plume  at  helglit  All  above  the  level,  of 
release . 

3.  SOMi;  RllMARKS  ON  TIIK  Sl’KtllAI,  ASI’IICTK  OK  TIIK 
I)I,S1>HRHI0N  UK  I’Oll.UTION  KROM  AIRPORT  SOlIRCKS 

In  many  respccLs  the  plume  dispersion  e.stlmates 
that  c.in  he  made  on  the  ioregolng  lines  are  juai  as 
applicable  to  the  pollution  from  .airport  .sources  as 
llu'y  arc  to  that  from  urban  Honri-es,  There  .are 
likewise  certain  limitations  common  to  both 
c I ri'iims  tancos  , not  ;ih  1 y 

(a)  lack  of  homogcnciLy  In  ihe  roughness  of  I he 


terrain, 

(b)  prevalence  of  wakes  from  buildings. 

K.aclors  special  to  the  airport  case  are 

(c)  tile  miiltl-jet  form  of  the  aircraft  sources 

(d)  tile  wake  of  the  releasing  aircraft  and 
those  of  nc  i glihoo  r 1 ng  alrcrall,  and 

(e)  the  'near- instantaneous  line  source'  form 
ol  the  release  during  take-off  and  landing. 

IleniK  (c)  and  (d),  which  may  be  the  subject 
of  review  by  others  at  this  conference,  will  both 
contribute  a dispersive  action  additional  to  that 
Imposed  by  an  idealized  boundary-layer  flow  on  a 
passive  point-source  release.  This  additional 
spread  will  presumably  initially  be  over  a beiglil 
and  wldtli  essentially  determined  by  the  dimensions 
ol  the  aircraft  and  of  any  other  vigorous  wakes 
that  happen  to  bo  nearby.  So  in  round  figures  the 
cross-section  encompassing  the  exhaust  from  a modern 
Jet  might  be  expected  to  be  initially  say  10  m in 
the  vertical  and  30  ra  across.  Now  for  a passive 
release  in  an  idealized  boundary-layer  flow,  with 
the  general  roughness  of  an  airport  area,  vertical 
and  lateral  spreads  of  this  magnitude  would  be 
iichlevcd  'naturally'  at  downwind  distances  In  the 
region  of  50  m In  neutral  condition."!,  and  at 
shorter  or  longer  distances  in  unstable  or  stable 
conditions  respectively.  This  suggests  that  for 
the  overall  level  of  pollution  on  or  downwind  of 
an  airport  area  the  idealized  a - estimates  are 
unlikely  to  be  seriously  in  error  except  close  in 
to  the  individual  sources  or  in  the  most  stable 
coiid  It  tons. 

In  respect  of  item  (e),  if  the  take-off  or 
landing  wind  conditions  are  ideal,  l.e.  with 
direction  along  the  runway,  the  release  will  be  in 
the  form  of  a near-instantaneous  nlongwind  line 
source.  However,  this  does  not  mean  that  the  most 
appropriate  estimate  of  crosswind  spread  will  be 
that  for  an  instantaneous  point  source,  for  in 
real  Ity  the  distribution  of  the  release  alongwind 
will  Introduce  effects  similar  to  those  that  occur 
when  the  release  is  maintained  at  a fixed  point, 
and  the  tbiie-mean  spread  at  a downwind  receptor 
will  tend  to  be  similar  to  that  for  a continuous 
release  over  a time  X/u  where  X is  the  length 
of  the  aircraft  track  and  u the  wind  speed.  On 
the  other  hand,  If  the  wind  is  significantly  across 
the  runway  a near- instantaneous  crosswind  line 
source  will  be  produced,  for  which  crosswind  spread 
will  at  first  he  Ineffee.Live  and  the  controlling 
■ipre.ad  will  he  that  in  the  vertical,  at  a rate 
which  again  will  tend  to  he  that  appropriate  to  a 
continuous  release. 

The  need  for  detailed  modeling  of  the  special 
nature  o''  the  aircraft  releases  should  In  any  case 
be  considered  realistically  in  the  light  of  the 
accuraey  whic.li  Is  achievable  as  i;ell  as  that  which 
1.4  required.  To  that  end  uselul  rough  estimates  of 
expected  time-mean  c.oncentral  Ions  might  first  be 
atlcm|>Led  on  relatively  simple  lines  with  the 
following  steps : 

(f)  definition  of  the  area  of  effective  release 
(l.e.  that  covered  by  taxl-lng  roules  and  the.  run- 
ways In  opcrtiL Ion)  , 

(g)  averaging  over  that  area  the  known  or 
expeeted  exhaust  emissions  appropriate  to  the  all— 
eraft  operations  over  specified  periods, 

(n)  ireatmeni  of  dtsperslon  f'suii  the  area 
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source  so  defined  on  conventional  lines,  adopting 
the  idealized  estimates  of  oz  (and  of  oy  if 
required)  us  reasonable  approximations  except  close 
in  to  the  aircraft  trticks  - 'close  In'  meaning 
distances  ranging  from  say  50  m in  daytime  (good 
mixing)  conditions  to  some  hundreds  of  metres  in 
stable  conditions. 

Finally,  it  should  be  kept  In  mind  that  the 
most  serious  occasions  of  local  pollution  will  as 
usual  be  in  calm  conditions,  for  which  the  plume 
model  is  unrealistic.  Then  tlie  most  useful 
approach  might  be  to  estimate  the  order  of  ra.igni- 
tude  of  the  concentration  build-up  that  would 
follow  on  the  assumption  of  horizontal  confinement 
within  the  airport  area,  with 

(!)  in  stable  conditions  an  as.sessment  of  the 
effective  vertical  spread  resulting  from  the  rise 
of  Che  buoyant  exhaust, 

(j ) in  convective  conditions  estimates  of  the 
time-rate  of  vertical  and  horizontal  dispersion  in 
accordance  with  Deardorff's  mixed-layer  similarity. 
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Table  l-Synopsis  of  Present  Position  In  the  Generalized  Estimation 
of  Plume  Dispersion  Parameters  in  an  Idealized  Atmnsnheric  Boundary  Layer 


Effect 

Qualification  of 
P-G  estimate 

Basis  for  possible  change 

Roughness  & 

Sampling  time 

- 3 cm 

3 min 

Statistical  theory  and  explicit  use  of  wind 
fluctuation  data  (4,7)  providing  cr^  for  particular 
roughness  and  sampling  time. 

Thermal 

stratification 

Based  on  limited 
climatology  of  oq 

(a)  Use  of  og  (4,6,7)  measured  or  estimated  from 

a similarity  relation  such  as  that  of  Panofsky 
et  al.  (11) 

(b)  In  very  unstable  conditions,  Deardorff  labor- 
atory model  for  windless  convection.  (5,12) 

Turning  of  wind 
direction  with 
height 

No  allowance 

Semi-theoretical  treatment  of  vertical  diffusion- 
shear  interaction  (7). 

Roughness 

Zq  ” 3 cm 

Lagranglan  Monln-Obukliov  similarity  for  surface 
layer  (3,5). 

Spread  in  upper 
part  of  near- 
neutral boundary 
layer 

Largely  subjec- 
tive extrapolation 

K-treatment  using  K profile  generalized  through 
Surface  Rossby  number  similarity  (5). 

Tliermal 

convection 

Empirical  guidance, 
especially  from 
Prairie  Grass 
dispersion  study 

(a)  Lagranglan  Monln-Obukhov  similarity  for  short 
range  (5),  Deardorff  similarity  and  laboratory 
model  thereafter  (5,12). 

(b)  2nd-order  closure  treatment  (5). 

Nocturnal 

stability 

As  for  convection  j 

(a)  Lagranglan  similarity  plus  empirical  guidance 
(5,15). 

(b)  Semi-theoretical  considerations  of  reduction 
of  mixing  depth. 

(c)  2nd-order  closure  treatment. 

Elevation  of 
source 

No  allowance 

(a)  Guidance  from  experimental  surveys  (8). 

(b)  Interpolation  between  statistical  theory  for 
short  range  and  Lagranglan  sirailarlty/K 
treatments  for  surface  release  and  longer 
range . 

(c)  2nd-order  closure  treatment  (5). 

Spread  induced 
by  plume  rise 

No  allowance 

1 

Dimensional  considerations  of  plume  rise  and 
experience  with  power  plan  plumes  (7,9). 

Vertical 
distrlbut ion 

Asanined  Gaussian 

1 

In  the  relation  for  variation  of  tujnccntrution 
with  height,  C(z)/C(0)  “ exp(-uz”),  theory  and 
observation  (3,7)  suggest  that  at  sliort  range 
from  a surface  release  s is  in  the  range  1.0  - 
1.5,  not  2 as  in  Gaussian. 

DISCUSSION 
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D.  SMITH!  At  the  early  part  of  your  talk,  you 
mentioned  the  desirability  of  understanding  the 
phenomena  that  you  are  dealing  with,  and  at  times 
really  going  Into  more  detail,  for  example  the 
Of  analysis.  Does  that  lend  some  persuasion 
to  continuing  to  pursue  approach  No.  2 at  the 
present  time,  considering  the  modest  availability 
of  data  for  the  large  ensemble  averages  that 
might  exist  In  this  particular  area? 

PASQUILL:  Yes.  I am  not  saying  that  one  shouldn't 
do  the  sort  of  studies  and  analyses  that  were 
Involved  In  Item  2,  or  that  were  Involved  In  fact 
In  all  that  I have  bean  talking  about  this  morning. 


sort  of  guess  that  was  made  In  those  days. 

I think  the  answer  to  your  question  very  largely 
must  come  from  physical  modeling  experiments . 

What  you  are  really  spying  Is  what  Is  the  property 
of  the  wake  which  Is  associated  with  the  source? 

I think  you  will  get  your  best  answer  to  that  from 
physical  model  studies. 


What  I am  really  saying  Is  that  one  can  attempt 
to  Improve  and  refine  progressively  as  one  goes  on. 
Having  done  that,  then  you  have  to  ask  yourself 
the  question,  now  that  I know  so  much  about  the 
dispersion  process  and  what  the  relations  are, 
with  the  available  parameters  or  the  parameters 
that  can  be  measured,  then  what  are  the  uncertain- 
ties that  Inevitably  arise  In  the  estimation  of 
concentration,  and  on  that  basis,  therefore,  how 
much  detail  do  I want  In  my  engineering  model? 

You  may  have  to  do  some  experiments  to  decide  how 
far  to  go  and  what  model  to  use.  You  may  have  to 
go  Into  these  detailed  modela,  but  that  doesn't 
say  that  you  have  necessarily  to  utic  them  In  an 
operational  sense. 

SEGAL:  General  Motors  did  some  testing  of  a number 
of  cars  In  Detroit,  and  they  came  up  with  some 
curves.  What  they  show  Is  a suppression  for  up 
to  a hundred  meters  of  the  stability  range,  the 
stable  versus  unstable. 

That  was  for  a hundred  meters,  I'm  sure  you  don't 
want  to  extrapolate  that  out,  but  I'm  sure  you 
would  want  to  consider  the  situation  up  to  a 
thousand  meters,  which  Is  the  airplane  case.  It 
makes  a big  difference  In  the  answer  maybe  a 
factor  of  ten  In  the  concentration. 

My  question  Is  do  you  have  any  sort  of  guidance 
you  could  give  as  to  how  you  could  extrapolate 
a turbulent  source,  turbulence  Introduced  to  some 
larger  distance,  so  that  you  could  perhaps  get  a 
different  dimension  as  to  what  algma  to  use,  the 
Oz  and  the  Oy? 

PASQUILL:  You  are  asking  how  do  you  allow  for  the 
decay  of  the  extra  turbulence  that  arises  for  one 
reason  or  other  at  the  source. 

SEGAL:  When  Is  the  transition.  If  there  Is  a 
transition? 

PASQUILL:  It  Is  very  difficult  to  put  one's 
finger  on  that.  When  I used  to  do  chemical 
warfare  studies  and  do  measurements  In  the  field, 
people  would  say  If  there  are  some  obstructions  In 
the  terrain,  you  go,  wull,  30  diameters  down  wind, 
and  then  you  can  forget  about  It.  That  was  the 
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ABSTRACT 

The  use  of  the  LIRAO-2  model  in  projecting  the 
potential  effects  of  a doubling  or  halving  of  emis- 
sions from  commercial  aircraft  on  Bay  Area  air 
quality  is  described  and  the  results  are  discussed. 


DESCRIPTION  OF  TOE  MODEL 

TOE  UVERMORE  REGIONAL  AIR  QUALITY  (LIRAQ)  models 
were  developed  when,  through  the  Research  Applied 
to  National  Needs  (RANN)  program,  the  National 
Science  Foundation  supported  a 2 1/2-year  inter- 
agency effort  by  the  University  of  California 
Lawrence  Livermore  Laboratory  (LLL) , the  Bay  Area 
Air  Pollution  Control  District  (BAAPCD) , and  the 
NASA  Ames  Research  Center  (ARC)  to  develon  and  val- 
idate the  LIRAQ-1  and  LIRAQ-2  models.  These  codes 
are  deterministic  two-dimensional  Eulerleui  grid 
air-quality  models  that  compute  spatial  and  tempor- 
al distributions  of  significant  air  pollutants  from 
specified  emissions,  meteorological  .onditions, 
topography,  and  initial  boundary  concentrations. 

LIRAQ-1  and  LIRAQ-2  are  described  in  a User's 
Guide  (1),*  a two-volume  report  (2,3),  and  two 
journal  articles  (4,5).  The  models  have  been  fur- 
ther described  to  the  potential  user  community  at 
an  NSF  funded  wor)cshop  (6),  by  a NSF  funded  review 
(7) , and  in  a comparison  with  the  Urban  Airshed 
Model  (8).  LIRAQ-1  deals  with  chemical  species 
that  are  not  strongly  affected  by  chemical  reac- 
tions and  uses  the  flux-corrected  transport  scheme 
of  Boris  and  Boo)c  (9) . LIRAQ-2  treats  chemically 
reactive  species,  but  uses  simple  upstream  differ- 
encing to  treat  the  transport.  For  this  report 
only  LIRAQ-2  was  used. 

In  1976,  LLL  entered  into  an  interagency 
agreement  with  the  U.  S.  Environmental  Protection 
Agency  (EPA)  to  modify  and  extend  the  LIRAQ  models 
to  include  sulfur  species  (SO2  and  sulfates)  and 
to  prepare  data  processors  for  the  necessary  input 
files  to  be  developed  from  EPA  Regional  Air  Moni- 
toring Station  (RAMS)  data  tapes  so  that  the  LIRAQ 
models  could  participate  in  the  Regional  Air  Pollu- 

*Numbers  in  parentheses  designate  References  at 
end  of  paper. 


tion  Study  (RAPS).  In  part,  this  is  described  in 

(10). 

Because  detailed  descriptions  of  the  model 
have  been  provided  in  the  several  LLL  reports  and 
two  journal  articles  cited  above,  no  detailed 
description  will  be  provided  here  except  for  mater- 
ial that  has  been  changed  since  1975. 

It  will  be  noted  that  the  chemical  reaction 
mechanism  used  in  LIRAQ-2  was  changed  in  1976  as 
part  of  the  work  done  for  EPA,  and  it  was  the  onl^ 
recent  change  in  the  model  that  caused  a signifi- 
cant alteration  in  numerical  results.  The  reaction 
mechanism  developed  in  1976  uses  several  reactior. 
rate  constants  that  would  be  evaluated  differently 
in  1978  than  they  were  ir  1976.  These  differences 
in  rate  coefficients  would  reflect  recently  pub- 
lished laboratory  measurements.  The  mechanism  ac- 
tually used  is  given  in  Table  1.  Other  recent 
changes  in  LIRA(J-2  affect  I/O  format,  the  file  man- 
agement scheme,  and  some  relatively  minor  aspects 
of  model  initialization. 

As  part  of  the  NSF  contract,  the  models  were 
verified  for  three  days  in  the  San  Francisco  Bay 
Area;  two  additional  days  have  since  been  studied 
by  the  BAAPCD  as  part  of  the  development  of  an  Air 
Quality  Maintenance  Plan  (AQKP)  (11).  The  model 
verification  studies  for  the  Bay  Area  have  demon- 
strated several  model  sensitivities,  and  provide  a 
basis  for  the  evaluation  of  model  performance. 

Table  1 - Reactions  in  the  photochemical  submodel. 

Arrhenius  parameters* 

Reaction  A,  cmVs  C,K 


Photolysis*^ 

O3  + hv  -►  0 + O2 

O3  4.  hv  O2  * 20H 
NO2  + hv  ^ NO  + 0 
NO3  + hv  NO2  + 0 
HNO2  4 hv  •*  HO  + NO 
H2O2  4 hv  ■*  20H 
HC4  4 hv  ^ RCX)3  4 HO2 
HC4  4 hv  CO 


Ox-NOx-BOx 

Reactions 

0 4 O2  4 M <•  O3  4 H 

rnJ7xio~3« 

510 

O3  4 NO  O2  4 NO2 

1.0xl0"^2 

-1200 

0 4 NO  4 H -4  HO2  4 M 

4.0x10"33 

940 

0 4 NOj  -►  NO  4 O2 

9.1x10"^2 

0 

0 4 NO2  4 ZM  4 NO3  4 ZM 

3.5x10“32 

300 

O3  4 NO2  4 NO3  4 O2 

l,lxl0"13 

-2450 

NO2  4 NO3  4 NjOg 

3.8x10-12 

0 
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Table  1 - Continued 


Reaction 

Arrhenius  parameters^ 

A,  cm^/s  C,K 

N2O5  ^ NO2  + NO3 

5.7xl0+l< 

-10600 

NO  + NO3  2NO2 

8.7x10"^2 

0 

N,Oc;  + H5O  ^ 2HNO-» 

3.0x10"^® 

-3300 

HO  + NO2  HNO3 

1.0x10"^! 

0 

HO  + NO  M HNO2 

6.0x10"^2 

0 

HO  + 00  ->■  OO2  + HO2 

1.4x10"13 

0 

HO2  + NO  HO  + NO2 

1.0x10"^! 

-350 

HO  + MO2  H2O  + O2 

2.0x10'T1 

0 

HO2  + 2HO2  -*•  HNO2 

2.0x10"^^ 

0 

HO2  + O3  -►  HO  + 2O2 

6.0x10"T4 

-1220 

HO  + O3  -►  HO2  -*•  O2 

1.6x10"12 

-1000 

HO  + HNO3  ^ H2O  + NO3 

9.0x10"^* 

0 

HOj  + HOj  H2O2  + O2 

1.7x10"^^ 

-500 

Reactions 

of 

HCi 

HC3  + 0 -*•  802  + RCO3 

1,0x10"^! 

-360 

HC  +03-^  HO2  + BO  + HC4 

7.0x10"^® 

-1900 

HC3  + HO  - RD2  + HC4 

4.0x10"1T 

-120 

HC3  + HO  -♦  RC2  + H2O 

3.0xl0~ll 

-350 

HC3  + NO3  ■*  NO2  + H2O 

5.0x10"^2 

-1400 

HC3  + HD2  ^ ho  + HC2 

0 

0 

Reactions 

Ji£2 

HC2  + 0 -*•  BO2  + HO 

3.2xl0“ll 

-2000 

HC2  + HO  HD2  + H2O 

4.5xl0"^-^ 

-900 

Reactions 

of 

HC4  + HO  RCD3  + H2O 

1.5xl0"^^ 

-350 

HC4  + 0 ■+  HO  + BOO3 

3.2x10"^2 

-900 

HC4  + HO2  H2O2  + RC»3 

8.0x10"^3 

-3700 

HC4  + HD  " 00  + HO2  + H2O 

3.0xl0"l^ 

-350 

HC4  + NO3  -►  RCO3  + HNO3 

3.0x10"1-5 

-900 

HC4  + HD2  ROOH  + ROO3 

8.0x10"^2 

-3750 

Reactions 

of 

SO2 

HO^  + SO2  ■*  HO  + SO4 

9.0x10*^® 

0 

dO  + SO2  ^ SO^ 

6.0x10“^3 

0 

RO  + SO2 

4.0x10~^2 

0 

HO,  + SO,  -►  RO  + SCI4 

2.0x10“^® 

0 

RCO3  + SO2  RO2  + SO4  + CO2 

1.0xl0"^5 

0 

Organic  radical  ; 

reactions 

RCO3  + ROO3  HC4  + <X>2 

1.0xl0"'^2 

0 

RD,  + NO  -*•  HD  + NO, 

4.0x10-T2 

-300 

RCO3  + NO  RO2  + NO2  + OO2 

3.0x10"^2 

-300 

ROO3  + ND2  ^ PAN 

2.7c10~^2 

0 

RO  + O2  -*■  HO2  + HC4 

1.0xl0”^2 

-2200 

HD  + NOj  HNO3 

2.0x10"^2 

0 

RD  + NO  ^ RNO2 

2.0x10”^2 

0 

BO2  + HO2  ROOH  + O2 

2.7x10-12 

3 

HOj  + HD2  -*■  RO  + HD  + O2 

2.7x10-12 

0 

“a  and  C defined  by  k » A exp(C/T) , where  T is 
teaperature  in  K. 

^ All  photolysis  rates  are  calculated  as  a func- 
tion of  solar  zenith  angle. 


VERIFICATION 

The  revised  aodel  cheaistry,  when  used  with 
the  1973  eaisslons  inventory  developed  as  part  of 
the  original  LIRAQ  project,  causes  calmlated  oione 
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concentrations  to  increase  by  about  5-lSt  (less  in 
downwind  areas,  more  near  the  source  regions)  and 
to  peak  earlier  by  '''  1/2  hr  to  1 hr.  A siallar 
decrease  in  calculated  NO  concentrations  was  ob- 
tained. All  other  pollutants  were  affected  to  a 
lesser  extent  by  the  revision  in  model  chemistry. 

EMISSION  INvOlNt'jUI^rS  - GENERAL  CONSIDERATIONS 

Of  more  consequence  were  several  changes  made 
in  the  generation  of  the  esiissions  inventory. 

Table  2 gives  a sunnary  of  the  emissions  Inventor- 

Tnble  2 - Total  in  BAAPCD  Inventory  (tons/day) 


Year 

THC 

HC^ 

HC4 

NO 

X 

CO 

SO2 

Part 

1973 

985 

309 

654 

13.0 

782 

2270 

2880 

152 

1975 

1011 

217 

742 

51.5 

693 

4278 

230 

169 

1985 

782 

166 

580 

36.2 

725 

3967 

484 

192 

ies  prepared  by  the  Bay  Area  Air  Pollution  Control 
District  for  1973  as  part  of  the  LIRAQ  pr-'ject,  and 
the  emissions  inventories  for  1975  and  19b5  pre- 
pared by  the  BAAPCD,  the  Metropolitan  Transporta- 
tion Connisslon  (MTC)  and  the  Association  of  Bay 
Area  Governments  (ABAC)  as  part  of  the  preparation 
of  the  AQMP.  These  emissions  inventories  were  pre- 
pared using  a modified  treatment  of  motor  vehicle 
emissions.  This  is  the  primary  cause  of  the  factor 
of  two  difference  in  CO  emissions  between  the  1973 
and  1975  inventories.  In  addition,  the  methodology 
for  assigning  hydrocarbon  emissions  to  the  three 
reactivity  classes  used  in  LIRAQ-2  was  modified  in 
response  to  recently  developed  data.  Also,  the 
method  for  distributing  'population  distributed’ 
sourc«:;8  over  the  grid  was  modified  to  reflect  the 
distribution  of  employment.  Largely  as  a result 
of  the  change  in  the  methodology  for  assigning 
hydrocarbons  to  reactivity  classes, tlie  mean  reac- 
tivity of  the  emissions  was  reduced  by  about  30%. 
When  the  1975  Inventory  is  used,  LIRAQ-'2  predicts 
less  ozone  in  downwind  areas  like  Live.-more,  but 
more  ozone  in  source  regions  like  San  Jose  than 
when  the  1973  inventory  is  used. 

Although  the  methodology  used  in  preparing  the 
1975  emissions  inventory  probably  results  in  a 
better  assignment  of  hydrocarbon  emissions  from 
anthropogenic  sources,  it  may  not  have  produced  a 
superior  overall  emissions  inventory.  Biogenic 
emissions  of  hydrocarbons  are  fairly  poorly  char- 
acterized, but  a strong  correlation  between  winter 
rains  and  suoner  oxidant  exists  in  the  San 
Francisco  Bay  Area,  and  suggests  a possible  role 
for  terpenes  or  other  biogenic  hydrocarbons  in 
forming  oxidant  in  the  San  Francisco  Bay  Area. (12) 
Considerations  of  the  amount  of  forest  land  in  the 
Bay  Area,  and  the  estimated  emissions  of  terpenes 
from  conifer  forests  would  also  suggest  the  possi- 
bility that  a substantial  portion  of  reactive 
hydrocarbon  emissions  in  the  San  Francisco  Bay  Area 
Slay  be  non-anthropogenlc.  (10,12) 

Nonetheless,  we  have  employed  the  1975  emis- 
sions inventory  in  this  study.  Although  this  in- 
ventory does  not  include  non-anthropogenic  emis- 
sions, it  does  produce  verification  statistics 
similar  to  those  obtained  earlier  and  reported  in 
MacCracken  et  al.(2,3)  and  Duewer  et  al. (5) 
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Because  the  results  reported  here  report  cotnparl- 
sons  between  model  calculations,  some  types  of 
error  will  tend  to  cancel.  Errors  of  this  type 
include  potential  errors  in  non-aircraft  emissions, 
the  representation  of  large  scale  transport,  bound- 
ary and  initial  conditions,  and  some  aspects  of  the 
model  chemistry.  Potential  errors  associated  with 
aircraft  emissions,  the  two-dimensional  treatment 
used  in  the  model,  vertical  profiles,  major  errors 
in  model  chemistry,  treatment  of  subgrid  scale  mix- 
ing, etc.  are  much  less  likely  to  be  largely  re- 
moved by  ccnparlng  control  and  perturbed  model 
runs. 

EMISSION  PEimSiBATION 

In  performing  the  study,  we  made  baseline  runs 
usln^  the  1975  and  1985  emissions  inventories 
developed  as  part  of  the  air  quality  maintenance 
plan  (12)  and  the  July  26,  1973  meteorology.  The 
meteorology  was  chosen  because  it  represents  the 
day  in  the  LIRAQ  library  for  which  the  model  pre- 
dicts the  highest  O3  concentrations,  and  because 
It  had  the  highest  observed  oxidant  of  the  days  for 
which  detailed  meteorological  data  are  available. 

In  addition,  we  performed  experiments  using 
emissions  Inventories  for  both  1975  and  1985  with 
the  aircraft  emissions  doubled  and  with  aircraft 
emissions  halved.  The  methods  used  in  generating 
the  aircraft  emissions  inventor  las  evo  described 
by  BAAPCD  (13)  and  in  l:-?6  eet-f.li  Lj  fulAG  (11). 

The  Inventories  include  only  aircraft  emissions 
(approach,  taxi,  idle,  take  off,  and  climb  out), 
they  Include  ooaierclal,  military,  and  general  avi- 
ation. The  aviation  emissions  are  compared  to 
emissions  from  other  activities  in  Table  3,  and 
Table  4 gives  a breakdown  into  emissions  from  the 
three  major  Bay  Area  commercial  airports  (San 
Francisco,  San  Jose,  and  Oakland),  the  military 
airports  (Alameda  Naval  Air  Station,  Moffett  Field, 
Travis  AFB,  and  Hamilton  AFB) , and  the  several  gen- 
eral aviation  airports  in  the  Bay  Area.  The  mode) 
domain  used  omits  Travis  AFB  and  about  half  of  the 
general  aviation  in  the  greater  San  Francisco  Bay 
Area.  Commercial  aviation  accounts  for  about  2/3 
of  the  emissions  In  the  Inventories  used. 

RESULTS 

Figures  1 bo  27  give  computed  species  concen- 
trations and  perturbations  for  several  species  and 
stations  around  the  Bay  Area  when  the  1975  emis- 
sions Inventory  and  the  perturbations  based  on  it 
are  used.  As  is  evident,  changes  in  aircraft  emis- 
sions cause  msall  changes  in  species  concentrations 
except  neat  the  major  airport  areas  where  larger 
changes  do  occur.  This  is  to  be  expected  since 
aviation  accounts  for  roughly  2-3%  of  area  wide 
hydrocarbon  and  NO,  emissions,  but  accounts  for 
more  than  50%  of  emissions  in  some  grid  squares. 

The  computed  perturbation  in  species  concen- 
tration due  to  aircraft  emissiens  is  readily  under- 
stood for  the  primary  pollutants  (i.e.,  when  emis- 
sions ore  doubled,  BCj^,  HC2,  NO,  and  00  all 
display  modest  increases  In  concentration,  with  the 
increases  largest  near  the  major  airports)  and  the 
behavior  of  NO2  and  aldehydes  (HC4) , species 
that  are  largely  derived  from  the  oxidation  of  pri- 
mary pollutants,  closely  parallels  the  behavior  of 


Table  3 - Baseline  Emission  Totals 


Oxides  of  Nitrogen  as  Nitrogen  Dioxide,  Tons/Day 


Source  of  Emissions 

1975 

1985 

Point  (PNT) 

192. IS 

295.92 

Area  (POP) 

101.02 

161.05 

Airjxsrts  (AIR) 

13.20 

19.20 

Stationary  Total 

306.38 

476.17 

Mobile  (CAR) 

390.09 

249.05 

GRAND  TOTAL  (OSCR) 

696.47 

725.22 

Alkenes, 

Tons/Day 

Source  of  Emissions 

1975 

1985 

Point  (PNT) 

25.92 

29.11 

Area  (FOP) 

80.68 

83.45 

Airports  (AIK) 

7.07 

7.10 

Stationary  Total 

113.67 

119.66 

Mobile  (CAR) 

103.60 

46.54 

GRAND  TOTAL  (OSOR) 

217.27 

16S.20 

Alkanes, 

ons/Day 

Source  of  EmlBsions 

1975 

1985 

Point  (PNT) 

98.16 

107.98 

Area  (POP) 

299.30 

309.50 

Airports_  (AIR) 

12.60 

12.66 

Stationary  Total 

408.06 

430.14 

Mobile  (CAR) 

333.90 

150.04 

GRAND  TOTAL  (Q60R) 

741.96 

580.18 

Aldehydes, 

Tons/Day 

Source  of  Emissions 

1975 

1985 

Point  (PNT) 

4.63 

5.20 

Area  (POP) 

14.41 

14.90 

Al  rpor_ts_  (AIR) 

2.85 

2.86 

Stationary  Total 

21.89 

22.96 

Mobile  (CAR) 

29.61 

13.22 

GRAND  TOTAL  (QSOR) 

51.50 

36.18 

GRAND  TOTAL  ALL 

ORGANICS  (OSOR) 

1,010.50 

782.20 

Oxides  of  Sulfur  as  Sulfur  Dioxide, 

Tons/Day 

Source  of  Emissions 

1975 

1985 

Point  (PNT) 

197.67 

424.73 

Area  (POP) 

12.25 

32.86 

Ai£]port8  (AIR) 

1.28 

1.51 

Stationary  Total 

211.20 

459.10 

Mobile  (CAR) 

18.89 

24.80 

GRAND  TOTAL  (OSOR) 

230.09 

483.90 

Carbon  Monoxide,  Tons/Day 

Source  of  Emissions 

1975 

1985 

Point  (PNT) 

80.40 

82.91 

Area  (FOP) 

336.20 

288.30 

Airports  (AIR) 

54.14 

67.97 

Stationary  Total 

470.74 

539.18 

Mobile  (CAR) 

3,808.00  3 

,428.00 

GRAND  TOTAL  (OSOR) 

4,278.74  3 

,967.18 

the  primary  pollutants  if  one  allows  for  the  time 
it  takes  to  produce  them  from  the  primary  pollu- 
tants. 

The  pollutant  of  primary  concern  in  the  Bay 
Area,  osonu,  is  affected  in  a more  complex  manner. 
A small  increase  in  hydrocarbon  emissions  tends  to 
lead  to  more  ozone  and  a more  rapid  generation  of 
oxidants.  An  increase  in  NO,  emissions  tends  to 
slow  the  rate  of  ozone  production,  reduce  the  peak 
O3  concentrations  reached,  at  least  in  areas  near 
the  NO,  source,  and  at  least  qualitatively,  to 
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Tabl«  4 - Central  Bay  Area*  Aircraft  Eaissions 


1975 

UC 

NO 

X 

CC 

Commercial 

10.69 

8.87 

26.01 

Military 

3.03 

1.67 

4.74 

General 

2.39 

.77 

11.86 

TOTAL  in  LIRAQ-2  Domain 

16.11 

11.31 

42.61 

TOTAL  IN  BAAPCD  INVENTORY 

19.60 

13.30 

54.40 

1985 


Conzercial 

8.57 

13.69 

31.72 

Military 

1.91 

1.46 

2.02 

General 

4.61 

1.44 

20.75 

TOTAL  in  LIRAQ-2  domain 

15.09 

16.59 

54.49 

TOTAL  IN  BAAPCD  INVENTORY 

20.20 

19.60 

69.90 

*Does  not  include  Travis  AFB  or  general  avia- 
tion eaissions  associated  with  extreae  north, 
south,  or  eastern  portions  of  the  Bay  Area. 

oppose  the  effect  of  increased  hydrocarbon  eais- 
sions. We  find  that  when  the  1975  aircraft  eais- 
sions are  doubled,  ozone  concentrations  are  gener- 
ally calculated  to  be  lower  than  for  the  baseline 
before  the  ozone  peak  is  reached.  Later  in  the 
day,  and  at  the  peak  hour,  ozone  concentrations  are 
conputed  to  be  increased  - by  as  much  as  4 ppb. 
However  at  San  Francisco  Airixirt  a reduction  is 
conputed.  The  ozone  reductions  in  the  early  norn- 
ing  and  at  San  Francisco  Airport  can  he  credited 
to  the  inhibitory  effect  of  increases  in 
eaissions.  The  later  Increases  reflect  an  Increase 
in  the  potential  for  ozone  production  caused  by  in- 
creased hydrocarbon  eaissions.  Although  the  oan- 
puted  ozone  perturbations  are  small  conpared  to  the 
standard,  they  are  not  negligible.  Many  days  on 
which  the  ozone  standard  is  violated  are  days  for 
which  the  violation  is  by  1 ppha  (10  ppb) , the 
smallest  unit  routinely  recorded.  It  is  quite 
plausible  that  roughly  lOt  of  those  days  would 
ceasi.  to  be  violations  if  ozone  were  reduced  by  1 
ppb,  and  that  the  number  of  marginal  violations 
might  be  increased  by  slightly  more  than  10%  if 
ozone  concentrations  increased  by  1 ppb. 

A significant  observation  was  that  the  pro- 
jected effects  of  halving  aircraft  emissions  were 
quite  close  to  -0.5  times  the  effects  of  doubling 
them.  That  is,  the  perturbations  were  linear  in 
the  multiplier  applied  to  airport  .wiissions.  This 
was  true  for  all  the  calculations  made  in  this 
study  except  for  a few  very  small  perturbations 
(in  this  case,  discrepancies  were  generally  within 
the  numerical  uncertainty  of  our  solution 
technique) . 

Cczaputed  concentrations  and  perturbations  for 
calculations  made  using  the  1985  eaissions  inven- 
tory are  given  in  Figs.  28  to  54.  The  perturba- 
tions in  primary  pollutants,  NO2,  and  aldehydes 
are  quite  similar  to  those  calculated  using  the 
1975  emissions  inventory.  The  only  major  differ- 
ence lieing  that  changes  in  NO^  are  about  fifty 
percent  larger  than  tliey  were  for  the  1975  emis- 
sions inventory,  this  largely  reflecting  projected 
changes  in  aircraft  engine  type. 

However,  the  projected  effect  of  aircraft 
eaissions  on  ozone  is  quite  different  in  1985  than 
in  1975.  For  the  calculation  made  based  on  the 
1935  eaissions  inventory,  increasing  aircraft  emis- 
sions results  in  on  ozone  reduction  over  most  of 
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the  model  domain.  Hear  the  Siui  Francisco  Airport, 
the  peak  hour  ozone  reductions  for  doubled  aircraft 
emissions  exceed  10  ppb,  and  ozone  reductions  of  5 
ppb  or  more  were  calculated  for  much  of  the  Santa 
Clua  Valley  and  San  Francisco  Peninsula.  Signifi- 
cant ozone  increases  were  calculated  only  at  a few 
downwind  stations,  mostly  in  the  northeastern  part 
of  the  model  domain. 

This  somaw)>at  surprising  result  reflects  two 
changes  in  the  emissions  inventories.  First,  the 
ratio  of  hydrocarbon  emissions  to  NO^  emissions 
declined  from  1.42  in  the  1975  inventory  to  0.90 
in  the  1985  inventories  for  t)ie  aircraft  emissions 
inventory  used  in  these  calculations.  Second,  the 
ratio  of  hydrocartxxis  to  NO^  in  tite  general 
Inventory  declined  from  1.45  to  1.07.  The  first 
change  resulted  in  an  increased  inhibition  of  ozone 
production  from  NOj^  directly  while  the  change  in 
over  all  eaissions  increased  the  sensitivity  of 
ozone  forsiation  to  HOj/.  in  the  model. 

SUMMARY  AND  CONCLUSIONS 

For  calculations  made  with  the  1975  emissions 
Inventory,  airport  eaissions  lead  to  locally  signi- 
ficant changes  in  primary  pollutants,  aldehydes  and 
nitrogen  dioxide,  reduce  ozone  concentrations  at 
San  Francisco  Airport,  but  lead  to  increases  of  up 
to  a ppb  in  peak  )x>ur  ozone  slightly  downwind  of 
the  major  airports. 

Calculations  made  with  t))e  projected  1985 
emissions  inventories  suggest  that  primary  pollu- 
tants are  again  Increased  by  amounts  that  are  sig- 
nificant near  the  aajor  airports,  but  ozone  concen- 
trations are  calculated  to  be  reduced  by  aircraft 
eaissions  over  most  of  the  domain.  This  reduction 
in  ozone  reflects  inhibition  of  ozone  foraation  by 
nitric  oxide  emissions. 

T)ie  behavior  of  tlie  model  near  source  regions 
is  that  which  would  be  expected  based  on  smog  c)iaie' 
ber  results,  and  is  likely  to  )}e  at  least  qualita- 
tively correct.  T))e  behavior  of  the  model  further 
downwind,  especially  when  the  1985  emissions  inven- 
tory was  used,  is  less  directly  related  to  chaober 
experiments,  and  is  more  dependent  on  the  accuracy 
of  t))e  detailed  treatment  of  the  chemistry,  heter- 
ogeneous removal  processes  (which  the  ouidel  treats 
via  simple  deposition  velocities) , details  of  the 
projected  eaissions,  etc.  The  validity  of  the 
results  for  the  1985  simulations  is  critically 
dependent  on  the  validity  of  t)>e  projected  NO^/HC 
ratio  in  both  the  aircraft  eaissions  emd  the  pro- 
jected general  emissions  inventory. 
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Fig.  1 - Computed  surface  concentrations  of  alkenes 
(ppmv)  at  the  San  Francisco  monitoring  station  versus 
time.  Top:  O = 1975  baseline  run;  X = 1975  inven- 
tory, with  2 times  aircraft  emissions.  Bottom: 
Difference  between  perturbation  and  baseline  (ppmv) . 
The  San  Francisco  station  is  in  an  urban  area  gener- 
ally up  wind  of  aircraft  emissions.  Alkenes  are 
representative  of  all  primary  hydrocarbons 


Fig.  2 - Same  as  Fig.  1,  except  at  the  San  Jose  mon- 
itoring station.  The  San  Jose  station  is  down  wind 
of  several  major  airports  and  is  one  of  the  more 
severely  polluted  areas  in  the  Bay  Area 
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Fig.  3 - Same  as  Fig.  1,  except  at  the  Burlingame 
air  monitoring  station.  The  Burlingame  station  is 
less  than  5 km  down  wind  of  San  Francisco  airport 


Fig.  6 - Same  as  Fig.  2,  except  aldehyde  concentra 
tions 
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Fig.  4 - Scune  as  Fig.  1,  except  at  San  Francisco 
International  Airport.  This  airport  accounts  for 
roughly  half  of  all  aircraft  emissions  in  the  model 
domain 


Fig.  7 - Same  as  Fig.  3,  except  aldehyde  concentra 
tions 


Fig.  5 - Same  as  Fig.  i,  except  aldehyde  concentra- 
tions are  given 


Fig.  8 - Same  as  F.ig.  4,  except  aidehyde  concentra 
tions 
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Fig.  21  - same  as  Fig  1#  except  orsone 
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Pig.  22  - Same  as  Fig.  2,  except  ozone 
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23  - Same  as  Fig.  3,  except  ozone 
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Fig.  24  - Same  a.s  Fig.  4,  except  ozone 
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Pig.  25  - Same  as  Fig.  24/  except  at  Livermore,  a 
station  down  wind  of  the  major  urban  centers  and  air- 
ports with  a large  local  general  aviation  airport 
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Fig.  26  - Same  as  Fig.  24,  except  at  San  Jose  Muni- 
cipal Airport,  second  largest  commercial  airport  in 
the  Bay  Area 
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Fig.  27  - Same  as  Fig.  ^4,  except  at  Oakland  Air- 
port, third  largest  airport  in  the  Bay  Area 


Fig.  28  - Same  as  Fig.  1 except  1985  inventories 
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Fig.  30  - Same  as  Fig.  3,  except  1985  inventories 
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Fig.  31  - Same  as  Fig.  4 except  1985  inventories 


Fig.  29  - Same  as  Fig.  2,  except  1985  inventories 


Fig.  32 


Same  as  Fig. 


5,  except  1985  inventories 
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Fig.  33  - Same  as  Fig.  6,  except  1985  inventories 


Fig.  34  - Same  as  Fig.  7,  except  1985  inventories 


Fig.  35  - Same  as  Fig.  8,  except  1985  inventories 


Fig.  36  - Same  as  Fig.  9<  except  1985  inventories 
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Fig  37  - Same  as  Fig.  10,  except  1985  inventories 


Pig.  38  - Same  as  Fig.  11,  except  1985  inventories 
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Fig.  39  - Same  as  Fig.  12,  except  1985  inventories  Fig.  42  - Same  as  Fig.  15,  except  1985  inventories 


Fig.  40  ~ Same  as  Pig.  13,  except  1985  inventories  Fig.  43  - Same  as  Fig.  16,  except  1985  inventories 


Fig.  41  - Same  as  Fig.  14,  except  1985  inventories 


Pig.  44  - Same  as  Fig.  17,  except  1985  inventories 
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Fig.  45  - Same  as  Fig.  18,  except  1985  inventories  Fig.  48  - Same  as  Fig.  21,  except  1985  inventories 


Fig.  48  - Same  as  Fig.  19,  except  1985  inventories  Fig.  49  - Same  as  Fig.  22,  except  1985  inventories 


Fig.  47  - Same  as  Fig.  20,  except  1985  inventories  Fig.  50  - Same  as  Fig.  23,  except  1985  inventories 
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Fig.  51  - Same  as  Fig.  24,  except  1985  inventories 
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Fig.  52  - Same  as  Fig.  25,  except  1985  inventories 


Fig.  53  - Same  as  Fig.  26,  except  1985  inventories 
"I 1 


Fig.  54  - Same  as  Fig.  27,  except  1985  inventories 
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DISCUSSION 

HUIE:  Did  you  look  at  the  equivalent  effect  on 
other  things  besides  oconet  for  example,  nitrates, 
PAN? 

DUEWER:  We  do  not  calculate  nitrates  at  al ! . We 
do  calculate  a nitric  acid,  which  is  a lumping  of 
the  nitrates. 

Also  while  we  have  PAN  form,  we  don't  really  entry 
PAN  in  the  mechanism,  so  yes,  there  would  be  an 
increase  in  PAN  as  well,  and,  of  course,  there  Is 
a question  as  to  whether  the  oxidant  standard  Is 
now  an  ozone  standard,  but  the  data  that  Justified 
the  oxidant  standard  were  oxidant  data.  ‘Tne  data 
dealt  with  measurements  of  oxidant,  not  ozone, 
which  Includes  a niuaber  of  things  other  than  ozone, 
and  the  real  health  effects  may  not  be  related  to 
ozone  In  any  very  direct  way  at  all. 

Ozone  Is  a kind  of  surrogate,  and  it  is  quite 
possible  that  the  health  effects  would  be  more 
reflective  of  PANs  and  other  compounds.  Including 
nitrogen. 

TESCHE:  Could  you  comment  on  the  spatial  relation 
and  how  the  aircraft  emissions  were  treated  In  the 
Inventory? 

DUEWER;  We  use  a two-dimensional  model,  five  kilo- 
meter by  five  kilometer  grid,  and,  as  I said,  the 
aircraft  emissions  were  treated  as  surface  sources. 
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ABSTRACT 

The  differential  equation  of  pollutant 
turbulent  diffusion  is  numerically  resolved, 
after  some  simplifications,  for  airports.  The 
hypotheses  which  led  to  wind  and  diffusivities 
formulas  are  indicated.  Data  are  given  for 
calculating  the  different  parameters, 
particularly  those  of  aircraft  pwllutant 
emissions  depending  on  different  types  of 
aircraft.  The  model  is  operational  for  any 
airport  and  shows  the  importance  of 
meteorological  factors. 


SINCE  THE  LAST  DECADE,  numerous  numerical  models 
of  pollutant  spreading  in  the  atmosphere  have 
been  developed.  Most  of  them  regard  essentially 
either  an  urban  agglomeration  or  a highway.  But, 
to  our  knowledge,  few  authors  were  interested  by 
the  modelization  of  emitting  sources  of  an  air- 
port and  of  spreading,  except  (1)  (++)  of  whom 
the  theoretical  approach  is  different  enough. 

As  for  us,  this  topic  was  dealt  with  more  widely 
in  a report  published  in  1975  (2). 

BASIC  EQUATION 

The  problem  of  the  "a  priori"  detennination  of 
a pollution  level  in  an  area  D arbitrarily 
limited  by  a contour  f may  be  sir^narized  in  the 
following  formula  : solve  in  an)'  )oint  (x,  y,  z) 
of  that  area  and  at  any  time  t the  equation 

(t) 

in  consideration  of  a number  of  conditions  at 
limits  on  the  contour  and  knowing  the  distri- 
bution functions  of  emitting  sources  (fl)  and  of 
absorption  (A)  of  pollutant. 

Now,  for  solving  equation  (1),  it  is 
necessary  to  solve  the  system  of  the  6 equations 
with  partial  derived. 


The  variables  and  C are  in  the  atmospheric  limit 
layer  time  and  space  aleatory ^variables  ; one 
splits  them  in  a mean  value  ?)  and  a 

turbulent  fluctuation  a)  of  zero  mean. 

with  u - = 0 


it  is  then  deduced  : 

if  we  put  down  : fo  ♦ 

?=P,  , P* ‘3  *P 

T » r.  ♦ r«  Tt  m ft 


f»,  Pq  and  Tp  being  the  equilibrium  values  and  f>t  , 
P]  and  Ti  being  the  instantaneous  variations  of 
corresp)onding  magnitudes.  It  is  then  obtained  for 
the  6 equations  with  partia_^  derived  : 

- the  mass  balance  : =0  (3) 

- the  balance  of  amount  of  movement  : 


dUc 

♦ Uj.lK- 

^ ^ ^ ^ ij  5 

i-Ui.Uj 

dt 

3%i 

fV  ? Xi  3 x/ 

for 

L = i ,f.,  3 

"To 

Fci 

(4) 

- the  power  balance  : 

JQl 

Dt  (9  X,-  ^ D 5 xi 

- the  state  equation  : 


Let  us  note  that  the  symbol  (-w)  represents  a 
statistical  mean  in  opposition  to  the  symbol  (-) 
which  represents  a temporal  mean. 

It  is  necessary  to  make  a number  of 
hypotheses  in  order  to  simplify  the  solving  of  the 
problem  : 

HYPOTHESIS  1 : if  the  model  resolution  jje’  iod 
is  equal  or  lower  than  an  hour,  the  variables  U^, 
a,  P and  T may  be  considered  as  statistically 
stationary  (3,  4).  In  these  conditions,  the 
statistical  mecin  will  be  replaced  by  the  temporal 
mean. 


now  in  Socifitd  Comex,  13000,  Marseille,  France 
++  Numbers  in  parentheses  designate  References 
at  end  of  pap)er 
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HYPOTHESIS  2 : the  air  volume  mass  has  a 
distribution  which  is  neighbouring  its  equilibrium 
distribution  ft,  . 

HYPtYliD-SIS  3 : accoimt  taken  of  the  scale  of 
the  area  (H)  x 10  x I kmi  and  of  the  fact  the 
ground  is  little  oi'  not  uneven,  the  flow  is 
considered  as  homogenous  in  a horizontal  plane. 

HYpannisis  4 ^ t)  = o 

HYl’OniliSiS  5 ; we  replace  the  inteniiittcnt 
sources  by  stationary  continuous  sources. 

The  statistical  means  of  equation  (2)  will 
be  replaced  by  temporal  means. 

HYPanUiSIS  6 : the  turinilent  diffusitivities 
^ij>  defined  as  follows  are  introduced  : 


w.  c = _ 

= - A-j  ■ 


?! 

l£. 

^3 


u,c  ^ _ A , 


7)C 


(7) 

(8) 
(9) 


The  turbulent  diffusitivities  are  flowing 
properties,  and  not  of  the  fluid  (as^j). 

On  the  other  hand,  except  at  immediate  ground 
vicinity  or  at  proximity  of  a temperature 
reversion  layer,  tlve  molecular  diffusion  terms  can 
be  disregarded  vis-d-vis  the  turbulent  diffusion 
te  nns . 

HYPO'lllIiSI.S  7 ; the  x axle  being  parallel  to 
the  wind  direction,  we  classically  neglect  the 
tenn  of  longitudinal  diffusion  before 

3*. 

the  term  of  trajisport  by  the  wind  : though 

that  approximation  is  no  more  valid  in  the  vici- 
nity of  the  <=ource,  especially  as  U is  large. 

HYPCrniiiSIS  8 : we  shall  assume  that  the  wind 
direction  is  unvariable  with  altitude,  which  is 
almost  exact  in  the  surface  layer. 

Due  to  these  simplifying  hypotheses,  we 
achieve  a simplified  diffusion  equation  : 


C/.  = i-  /fa  — A", 

with  conditions  to  following  limits  : 


(10) 


= 0 for  z = 0 or  z = Hj- 

which  supposes  that  the  mass  flow  is  zero  at 
ground  level  and  at  Hj  level  of  the  reversion 
layer. 

jf  UCdy  dz  = Q at  level  of  a source  point, 

Q being  the  mass  output  per  time  unit. 

Finally,  for  solving  equation  (10),  it  is 
sufficient  to  take,  a priori,  a wind  profile  Ffa) 
and  the  variation  laws  of  coefficients  Ky  and  K^. 

WIND  PROFILE  AND  DIFFUSION  COEFFICIENTS  MODELING 


It  is  known  that  the  atmospheric  limit  layer 
may  split  into  a surface  layer  in  the  first  tens 
of  meters  and  an  external  layer,  often  called 
Eckmann  layer,  where  the  effects  of  the  Coriolis 
strength  begin  to  be  experienced- 

Externally  to  the  limit  layer,  the  wind 
(geostrophic  wind)  follows  the  general  laws  of 
atmosphere. 


IhTOniESIS  9 : we  shall  assume  that  in  the 
surface  l.ayer,  wltere  the  wind  ;uid  temperature 
profiles  co'nply  with  ultimate  similarity  laws 
(Prandtl  ajid  'Ion in-Obukhov  theories),  the  Re>Tiolds 
analogy  tetween  vertical  transfer  of  mass  and  that 
of  movement  quantity  is  rigorously  respected,  in 
other  words  that  to,Sclimidt  number  of  turbulence, 

Kz 

is  constaiit  and  equal  to  1. 

IIYIWHE.SIS  10  : at  the  outside  of  the  surface 
layer,  we  shall  assume  Kz  as  constant  and  equal  to 
its  value  at  the  border  of  the  surface  layer.  In 
that  which  regards  the  wind  profile  of  this  layer, 
we  shall  use  the  relationships  proposed  by  Ragland 
(5). 

The  thickness  of  the  atiTOspheric  limit  layer 
is  difficult  to  estimates  It  is  meanwhile  an 
essential  parameter  in  diffusion  problems,  for,  in 
the  absence  of  temperature  reversion,  that  thickness 
defines  the  layer,  called  mixing  layer,  inside  which 
pollutants  will  diffuse. 

In  presence  of  a temperature  reversion,  the 
heiglit  of  the  latter  will  be  used  as  upper  limit  of 
the  mixing  layer  (noted  as  Hf) . 

We  shall  use  a formula  proposed  by  Hanna  (6), 
or  : _ K.u  « 

^CL  - ~J~ 

with  friction  velocity,  f “ 2w  sin  F , 

Coriolis  parameter,  K ° 0,35  Karman  constant  (7), 
being  the  height  of  the  limit  layer. 

As  to  the  thickness  of  the  surface  layer 
which  is  purely  conventional,  it  varies  with 
stability  conditions.  We  shall  use  tlie  same 
approximations  as  (5)  with  : ^ 

in  neutral  and  unsteady  cases  : z^^  =0,1  CL 
in  steady  egses.:^^  stabilities 

(6L  < 0. 1 z^^) 

=0.1  z^^  for  low  stabilities 
fOL  > 0.1  z^^) 

L being  the  Monin-Obukhov  length. 

Account  taken  of  hypotheses  9 and  10,  A'j 
conplies  with  a law  of  the  form  : 

- in  the  surface  layer  '■  ( j jer ) / ^ ^ 

where  0 is  a function  only  depending  upon 

Neutral  stratification  : 0u  = 1 -o 

Unsteady  stratification  : % - (1  - 15.^)  ’ ^ 

Steady  stratification  : for  z^L,  0m  = 1 

where  p is  a constant 
ior  z y t,  0fj  = 1 + 

- in  the  external  layer  = fje, 

With  our  hypothesis,  we  obtain  for  wind 
profiles  in  the  surface  layer  : 

- Neutral  case  : (J - *■'*  . 

being  the  rugosity  length. 

- Unsteady  case  : 

with  :x(i)  = (-i  - 


Eiiiil] 

J 
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- Steady  case  : _ 
for  , Uli;.- 

^ -Ufij  = Z.03  p; 

while  in  the  external  zone  a 

connects  by  a power  law  the  profile  inside  the 
surface  layer  to  the  geostrophic  wind  : 

U - Uci  - / i - ic, 

- Ocj  I ' 

with  p •=  0.2  for  unsteady  and  neutral  cases 
p ■=  0.35  for  a low  stability  (L  > 30) 

p = 0.5  for  a high  stability  301 

Tlie  determination  of  Ky  sets  many  more 
problems  : experimental  results  show  that,  on  the 
whole,  Ky  is  little  enough  variable  with  altitude 
(3).  The  most  serious  theory  is  that  of  G. I. 
Taylor,  of  which  the  essentiai  result  is  that  A' 
in  the  vicinity  of  the  source  depends  upon  the  ° 
distance  of  that  source. 

On  the  other  hand,  far  from  the  source,  it 
tends  towards  a constant,  which  depends  both 
upon  fluctuation  variance  of  velocity  —y  and 

upon  the  integral  scale  of  the  turbulence  J. 

Now,  those  two  quantities  are  badly  known 
functions  of  numerous  paranteters.  Tliis  partly 
explains  the  fact  that  numerous  authors  neglect 
Ky,  We  have  preferred  to  keep  it,  giving  it  a 
constant  mean  value,  or  •.  Ky  = lOm^.s*'. 

DETERMINATION  OF  NODEL'S  PARAMETERS 

These  parameters  were  classified  into  three 
categories  : 

- technical  parameters 

- dynamical  parameters 

- 'traffic'  parameters 

TEQINICAL  PARAMETERS  - A'=  0,35  , ^^5 

F = Z LU  .sir,  f r io’  \ S'* 

the  mgosity  length  “o  can  be  either  determined 
by  measuring  U at  2 altitudes  or  taken  as  equal 
to  0.02  m as  proposed  by  some  authors. 

DYNAMICAl,  PARAMETERS  : the  friction  velocity 
u is  calculated  from  the  datum  of  geostrophic 
wind  For  that,  one  defines  a friction 
coefficient  Cf  by  the  relationship  C ^ 

Lettau  (1959)  proposes  the  following 
empirical  relationship,  for  a neutral  atmosphere  : 
Cr.  (neutral)  = where  /?,,,is  the 

number  of  Rossby  defined  by  : Ro  - 

For  taking  into  account  the  stratification 
effects,  we  shall  take  (Ragland  1973)  : 

- unstability  : Cf  = 1,2  , Cf  (neutral) 

- low  stability  ; (^  = 0,8  , dj  (neutral) 

- high  stability  : (7jr  = 0,6  . (neutral) 

The  Monin-Obydehov  length  L,  used  here  for 

identifying  the  stratification  is  defined  by  ; 

Taking  the  current  mean  values  : P » 1.2, 

Cp  « 10^  and  ^ =9.8  and  using  T the  value  of  the 
temperature  at  10m  from  the  ground,  noted  as 


we  obtain  L — -3.10*.  ■ Tiz. 

li 

Therefore,  it  remains  to  determine  the  heat  flow  II, 

In  the  perspective  which  is  there  interesting  us, 
that  is  to  say  for  a provisional  estimate,  H is  a 
datum  of  the  problem  which  varies  from  -50  in 
conditions  of  high  stability  to  +150  in  conditions 
of  high  instability,  H being  zero  in  neutral 
atmosphere. 

'TRAI-FIC  PARA^11^'ERS  - the  approach  of  traffic 
parameters  has,  in  the  present  case,  a statistical 
conponent,  which  leads  to  formulate  a number  of 
distribution  functions  peculiar  to  overall  traffic 
parameters,  to  traffic  by  aircraft  class  or  to 
pollutant  emission  factors  (8). 

In  the  traffic  of  an  airport,  there  appears 
two  separate  cycles  ; 

- a yearly  cycle  in  regard  of  the  montltly  traffic 

- a daily  cycle  in  regard  of  the  hourly  traffic. 

The  2 distribution  functions  are  defined  : 

numlier  of  total  movements  during  the  nenth 
) . m 

NMA  X number  of  days  of  the  month  m 

which  characterizes  the  daily  traffic,  NMA  being 
the  yearly  number  of  aircraft  movements. 

,,  j _ numi^er  of  seguencesfelduring  the  hour  (A) 

^ ■’®  ’ total  number  of  daily  movements 

The  sequences  are  five  in  number  : idle  on 
ground  ( taxiway , taking  off,  climbing,  approach, 
landing. 

The  aircrafts  are  classified  into  9 classes  a, 
account  taken  of  the  characteristics  and  of  tiie 
number  of  engines  fitting  them,  of  their  taking 
off  weight,  of  their  taking  off  procedure,  etc... 

One  defines  then  a distribution  function  I (a) 
characterizing  the  comparative  traffic  of  class 
aircrafts  for  the  considered  airport  and  a given 
year, 

,,  , number  of  movements  of  class  a aircrafts 

NMA 

One  then  defines  the  emission  factors  E(8,a,p) 
and  t(B),  E(8,a,p)  represents  the  mass  in  kg  of 
pollutant  p emitted  by  a class  a aircraft  during  a 
period  o of  which  the  duration  is  an  hour.  t(a)  is 
the  mean  duration  of  each  sequence,  defined  on  the 
basis  of  the  E.P.A.  cycle. 

This  enables  to  calculate  the  mass  Q of 
pollutant  p emitted  during  the  selected  hour,  for 
a given  sequence  ; 

Q(rry,h,i  .f'j-  SMA  ((sj.  (s.a.pj  ■ 

The  pollutant  emission  takes  place  following 
straight  segments,  peculiar  to  each  sequence  and 
on  which  the  emission  is  uniform. 

RESOLUTION  METHOD 

A discrete  scheme  method  is  used.  The  consi- 
dered zone  being  a parallelepiped  (10km  x 10km  x Hj) 
one  makes  a meshing  of  constant  pitch  in  x and  y and 
of  variable  pitch  in  z.  One  obtains  thus  p®  pitch 
in  X,  Py  in  y and  p^  pitch  in  z. 

The  resolution  method  is-inspired  by  the  Varga 
work  (9).  One  uses  the  fact  that  the  thing  is  a 
propagation  phenoroenom  : tlie  concentrations  in  the 
vertical  plane  P,  perpendicular  to  wind  direction. 
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only  depend  upon  those  in  the  plane  p-1.  The  source 
lines  are  discretized  : at  emission  points,  concen- 
trations are  data.  Behing  any  source  line,  concen- 
tration are  zero. 

In  each  plane  P,  the  approximations  of  C 
derived  to  meshing  knots  by  the_Taylor  formula  and 
the  discretion  of  coefficients  £/,  K^,  and 

Si  ©J 

enable  to  bring  back  the  solving  of  equation  (lO) 
to  that  of  a system  of  py.p^  linear  simple 
equations  to  unknown  Py.p^  . It  is  then  necessary 
to  solve  pj.  order  systems  PyPs-  In  each  plane, 
one  returns  by  the  Gauss-Seldel  method  to  the 
solving  of  a fixed  point  equation  in  /?”  which  is 
solved  by  the  method  of  successive  approximations. 
The  result  of  the  calculation  is  a tridimensional 
table  of  C values  at  meshing  points. 

RESULTS  - APPLICATIONS 


RESULTS  - It  may  be  extracted  from  that  table 
and  the  inset  issued  in  the  form  of  a chart  of 
isoconcentration  curves  of  OO,  HC,  NOx,  within  the 
considered  area,  at  an  altitude  of  2 meters. 

We  have  set  a ntniber  of  examples  for  the 
two  Airports  of  Paris  (ORLY  and  ROISSY-EN-FRANCE) . 

This  allows  to  compare  the  influence  of  the 
different  meteorological  conditions  of  different 
traffics  or  of  different  types  of  aircrafts. 

In  this  paper,  we  present  4 situations  : 

- situation  1 : 1977  traffic  (NMA  • 10SOOO) 

1 way 

with  supersonic  movement 

- situation  2 ; 1977  traffic 

1 way 

replacement  of  supersonic 

movement  by  B 707  movements 

- situation  3 : 1985  traffic  (NMA  221020) 

2 ways 

with  supersonic  movements 

- situation  4 : 1985  traffic 

2 ways 

replacement  of  supersonic 

movement  by  B 707  movements. 

To  each  traffic  situation  correspond  the  2 
meteorological  situations  explained  in  ^ipendix. 

One  thus  obtains  8 cases,  for  each  of  which 
the  pollution  charts  were  drawn  for  the  three 
considered  pollutants. 

These  charts  are  presented  in  Appendix.  We 
have  plotted  the  landing  strips.  Further,  the 
scale  is  the  same  as  for  runway  plans. 

ANALYSIS  OF  POLLUTION  CHARTS  - Experience 
shows  that  the  chart  geometry  is  very  sensitive 
to  the  layout  of  idle  taxiways  which  was  strongly 
schematized  : therefore,  it  will  not  be  necessary 
to  look  for  interpreting  such  point  of  the  chart, 
this  having  not  a great  signification.  This 
remark  does  not  prejudge  the  concentration  level 
analysis  nor  the  polluted  surfaces. 

MAXIMAL  CONTENTS  - The  upper  limits  of 
contents  are  presented  and  the  concentrations  of 
CO,  HC  and  NOx  are  given  in  mg/m^. 

In  1977,  under  meteorological  conditions 
favourable  to  the  pollutant  spreading,  the  contents 
were  general^  lower  than  0.1  *xcapt  for  CO, 


tte 


nw rTOTta  axe  slightly  higher. 


The  same  year,  meteorological  conditions 
being  unfavourable,  the  concentrations  are  always 
lower  than  10  mg/m^,  v;hatever  the  pollutant. 

In  1985,  under  favourable  meteorological  con- 
ditions, the  contents  are  lower  than  1 mg/m^  for 
CO  and  NOx,  than  0.1  mg/m^  for  HC,  while  by  unfa- 
vourable meteorological  conditions  the  upp)er  limits 
are  respectively  under  100  for  00  and  10  mg/m^. 

POLLUTION  LOCALIZATION  - The  western  area  of 
the  airport  is  not  polluted  : this  is  first 
explained  by  the  calculation  method  : the  veloci-'- 
ties  axles  are  also  the  time  axle  : pollutant  do 
not  go  back  in  time.  There  is  then  a need  to  be  ' 
careful  not  to  draw  too  rapid  conclusions. 

If  the  width  of  the  polluted  area  is  measured 
at  more  than  0,01  mg/m’,  we  see  that  it  increases 
from  West  to  East,  to  remain  steady  when  reaching 
the  airport  center.  In  1977,  only  one  runway 
being  in  operation,  that  width  is  close  to  1 or  3 
km,  according  to  favourable  or  unfavourable  meteo- 
rological conditions  ; in  1985,  after  opening  a 
second  runway,  that  area  is  made  up  of  2 strips 
each  1 km  wide,  vdiich  join  together,  thus  forming 
a 5 to  6 km  wide  area,  when  the  wind  speed 
decreases  and  the  reversion  ceiling  lowers. 

At  a 2m  altitude,  the  polluted  area  covers 
the  runway  layout,  the  idling  runways  being  by  far 
the  most  influencing,  at  least  for  CO  and  HC,  which 
is  in  agreement  with  remarks  made  about  emissions. 

CONTENT  VARIATIONS  - Influence  of  supersonic  - 
The  lack  of  sharpness  of  isoconcentration  charts 
does  not  permit  a close  analysis  : the  insertion 
of  supersonic  in  1977  and  1985  traffic  is  trans- 
lated by  a general  increase  of  carbon  monoxide  and 
hydrocarbonscontents , the  polluted  surfaces  being 
almost  doubled,  but  this  insertion  is  practically 
not  influencing  the  nitrogen  oxides  pollution. 

Evolution  from  1977  to  1985  - In  each  consi-.' 
dered  point,  concentrations  are  multiplied  by  a 
factor  within  1 and  10,  vdiile  the  surfaces  also 
polluted  are  approximately  doubled. 

Influence  of  meteorological  conditions  - It 
is  here  that  the  calculation  program  regains  its 
full  interest  : it  enables  us  to  appraise  the  _. 
influence  of  wind  speed  variations  from  5 to  2ms 
and  of  the  reversion  ceiling  from  1000m  (neutral 
case)  to  100m  (steady  case)  at  a multiplying  fac- 
tor k close  to  100  : 

for  CO  : 10<k<100 

for  HC  ; k - 100 

for  NOx  : 60  < k < 100. 

The  influence  of  the  different  flight 
sequences  being  variable,  according  to  the 
pollutants,  no  wonder  that  k has  different  values 
for  CO,  HC  and  NOx. 

On  the  other  hand,  the  polluted  area 
lengthen  to  East  and  considerably  widen  ( x 3 ). 

CONCLUSKXIS 

The  results  of  this  study  must  be  used  only 
as  conparativc  elements  for  translating  the  impact 
due  to  the  evolution  of  a meteorological  situation 
or  to  the  traffic  alteration  upon  pollution  levels 
and  not  to  obtain  very  precise  and  absolute 
elenents. 
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This  is  explained  by  several  causes  : 

- the  hourly  traffic  taken  into  account  is  a ma- 
ximal mean  traffic  : the  actual  hourly  traffic 
may  be  much  more  important 

- the  achieved  curves  are  only  averages  over  an 
hour  : the  instantaneous  levels  may  therefore  be 
much  higher. 

- the  calculation  meshing,  peculiar  to  the 
program  (500  x 500  m)  being  wide,  we  cannot 
sharply  evaluate  tne  concentrations,  especially 
as  the  pitch  of  isoconcentration  curves  is  high 
enough. 

It  would  be  of  interest  to  improve  the  model 
precision  by  reducing  the  program  pitch'  from 
500  m to  200  m,  for  example,  in  order  to  detect 
more  easily  the  areas  where  pollutant  levels  are 
high  and  to  limit  the  action  of  activities 
responsible  for  the  highest  concentrations  in 
ambiant  air,  above  all  idle  and  taxi-way 
operations. 

Nevertheless,  the  analysis  of  emitted 
pollutant  masses  and  of  calculation  program 
results  allow  to  determine  the  prominent 
influence  for  pollution  of  the  following  factors  : 

- meteorology 

- traffic  alteration. 

First,  meteorological  conditions  are  of 
prime  importance  upon  atmospheric  pollution  : an 
unfavourable  meteorological  situation  (slight 
wind,  low  ceiling)  may  multiply  by  100  the  con- 
centrations at  ground  level.  It  would  be 
interesting  to  calculate  the  concentrations  for 
unusually  unfavourable  meteorological  conditions, 
which  was  not  done  here. 

Then,  the  increase  of  traffic  on  Charles  de 
Gaulle  Airport  between  1977  and  1985  results  in 
an  increase  of  about  3001  of  00  emissions,  of 
atout  2001  of  HC  emissions  and  of  1701  of  NOx 
emissions. 

Or.  the  toxicological  aspect,  in  spite  of 
absence  of  standards  of  ambient  air  quality  in 
''ranee,  it  clearly  appears  that  pollution  levels 
due  eo  air  traffic  with  present  aircrafts  are 
ii?r)  low,  even  with  high  supersonic  traffic  ; 
tiiat  is  partially  confirmed  by  measurements  on 
some  airports  as  Washington  Dulles  Airport  (11)  ; 
so  : 

- for  CO,  the  levels  cannot  exceed  in  1985  the 
American  standards  for  air  quality  (10  mg/m^ 
during  8 hours  or  40  mg/m^  during  an  hour)  under 
unfavourable  meteorological  conditions,  at  least 
on  runways  themselves. 

- for  HC,  the  American  standards  for  air  quality 
set  at  0.160  mg/m^  over  3 hours  are  exceeded  when 
meteorological  conditions  are  unfavourable,  and 
that  even  over  a very  wide  area  in  1985. 

- for  NOx,  the  standard  is  0.1  mg/m3  in  average 
over  a year.  It  seems  that  we  do  not  reach  it. 

Although  only  toxicological  studies  can 
permit  to  conclude  to  CO,  HC  and  NOx  inocuity  at 
such  low  levels,  this  prevision  model  denotes 
much  lower  air  pollution  in  the  vicinity  of  air- 
ports than  near  roads  or  highways. 

At  last,  this  prevision  for  1985  is  calcu- 
lated with  a traffic  composed  for  a large  part 
by  present  aircrafts,  while  the  accelerated 


introduction  of  numerous  low-pollution  aircrafts  in 
the  coming  years,  such  as  AIRBUS  300  on  Charles  de 
Gaulle  Airport  will  result  in  a large  reduction  of 
these  low  levels  of  pollution. 
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List  of  symbols 


Pollutant  mass  disappearing  by  time 
unit  at  point  kg.m"^.s”i 
Aircraft  class 

Pollutant  concentration,  kg. in' 
Friction  coefficient 
Massic  heat  at  constant  pressure, 
J.m"^  d°"1 


Ntolecular  diffusion  coefficient, 
m^.kg.s'  I 

Pollutant  mass  p given  off  by  an  air- 
craft of  class  a during  an  hour  of 
sequence  s,  kg.li"! 

Coriolis  parameter,  s' 

Component  as  for  0 . of  Coriolis 
strength,  m.s'2 

Distribution  function  cliaracterizing 
the  daily  traffic 
Gravity  acceleration,  m.s"2 
Distribution  function  characterizing 
the  hourly  traffic 
Heat  flow, 

Reversion  height,  m 
Karman  constant 
Turbulent  diffusivity 
m2.s"^ 

Turbulent  diffusivity, 

Monin-Obukhov  length,  m 
Distribution  function  of  aircraft 
classes 
Month 


coefficient. 


ni^.s"! 


Yearly  number  of  aircraft  movements 
Atmospheric  pressure,  kg.m"2 
Pollutant,  §3 

Pollutant  mass  given  off  at  a point  X 
per  time  uiiit,  kg.m^.s"^  ^ 

Rossby  number 
Flight  sequence 
Temperature,  d" 

Temperature  at  10  metres  above  ground 
Time,  s 

Duration  (EPA)  of  a sequence  s,  h 
Wind  velocity  in  the  surface  layer, 
m,s"1 

Geostrophic  wind,  m.s' 

Component  following  the  axle  0 .,0  . 
of  wind  velocity,  m.s”^  ^ ^ 

Friction  speed,  m.s”1 
Rugosity  length,  m 
Height  of  surface  layer,  m 
Height  of  limit  layer,  m 
Molecular  diffusivity,  m^.s" 

Function  of  z/L 
Kronecker's  symbol  . 

Molecular  diffusivity,  m'^.s' 

Air  mass  volume,  kg.m"^ 

Friction  stress,  kg,m"1.s"2 


CLASS 

(a) 

AIRCRAFT 

1 

SUPEILSONIC 

2 

JUMBO  JET 

B 747 

3 

JUMBO  JET 

DC  10 

4 

UING  RANQ-;  Jin’ 

B 707-DC  8 

S 

MEDIUM  RANGE 

A 300  B 

6 

MEDIUM  RANGE 

B 727 

7 

MEDIUM  RANGE 

DC9  -B737 
I41RCURE 

8 

MEDIUM  RANGE 

CARAVELLE 

TRIDENT 

BAG  111 

9 

OTHERS 

Table  1 : Aircrat-.  classifications 
system  for  tlie  model  - 


landing 


Fig.  1 Aircraft  operations  with  time 
in  minutes  - 
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Fig.  2 Runways  on  Charles  de  Gaulle  Airport 
In  1977  and  in  198S 

Indicated  coordinates  are  x,  y,  z 
(situation  of  aircrafts  in  space) 


1 idle  

2 taking  off 

3 climbing 

4 approach  

5 landing  — > — • — 
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Ai'PENDIX  E 

RESULTS  POR  DIFFERENT  TRAFFIC  AND  METEOROLOGICAL  CONDITIONS 

Atmospheric  conditions 

A - favourable  : - windspeed  5 m/s  from  West  B - unfavourable  : - windspeed  2 m/s  from  West 

- inversion  altitude  1000m  - inversion  altitude  100m 

- t°  17°C  ■ - t-  17“C 


Traffic  conditions  during  the  hour 

1077  f landings  and/or  taking-offs  with  supersonic  movements  (1  landing  and  1 taking-off) (class  a) 

I 2)  28  landings  and/or  taking-offs  without  supersonic  movements 


1985 


1) 

. 2) 


60  landings 
60  landings 


and/or  taking-offs  with  supersonic  movements  (3 
and/or  taking-offs  without  supersonic  movements 


landings  and  3 taking-offs) 

(class  a) 


C CO  B CO 

1977  with  class  a aircraft  1977  without  class  a aircraft 
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1985  without  class  a aircraft 
A Cavouraltle  meteorology 
11  luifavourablc  meteorology 


with  class  a aircraft 
A favourable  meteorology 
B unfavourable  meteorology 
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DISCUSSION' 
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D.  SMini:  In  your  slides,  you  showed  several 
different  colors  in  the  presentation.  Were  chey 
scaled  to  the  same  scale,  and  if  so,  what  approxi- 
mate scale  was  used? 

DELSEY : You  can  find  the  colo.s  in  the  paper,  but 
at  a higher  level  for  carbon  monoxide,  we  attain 
only  one  ppm.  For  hydrocarbons,  one  ppm  is  the 
highest  value,  and  we  cross  over  the  American 
standard  for  hydrocarbons.  For  nitrogen  oxide, 
we  sometimes  obtain  one  ppm,  but  in  the  worst  condition. 

ROTE:  Are  there  any  monitoring  programs  planned 
for  France? 

DELSEY:  No. 

FERRY:  I object. 

DELSEY:  You  are  on  the  Roissy  program. 

FERRY:  I am  from  the  French  civil  aviation,  and 
I deeply  object  to  the  answer.  We  have  one  con- 
stant monitoring  program  in  Roissy,  Charles  de 
Gaulle  Airport,  and  we  have  three  mobile  units 
which  are  monitoring  the  airport  at  this  time. 

ROTE:  What  pollutants  are  being  monitored? 

FERRY:  CO,  nitrogen  oxide,  and  THC. 

FERRY:  If  you  look  at  our  paper,  you  will  see  by 
1985  the  calculation  introduced  707 's  as  the 
replacement.  I want  to  say  that  we  are  in  the  pro- 
cess of  phasing  out  the  707  in  the  present  fleet 
and  there  is  no  prospect  of  introducing  the  707 
in  1985. 

DELSEY:  I have  to  say  that  effectively  we  have 

measurements  in  Roissy  but  the  measurements  are 
complicated  because  we  have  a large  motorway  near 
the  airport  and  we  don't  know  if  the  pollution 
is  coming  from  the  motor  cars  or  from  the  planes. 

The  highway  near  the  airport  has  very  high 
traffic . 

FERRY:  At  Roissy  Airport  we  monitor  HC,  CO  and 
NOjj,  as  I said  previously,  but  we  also  monitor  SO2. 

When  the  wind  is  blowing  from  Paris  to  Charles  de 
Gaulle,  we  have  a very  high  percentage  of  SO2  coming 
in.  The  major  pollution  at  the  airport  comes  from 
the  pollutants  which  are  burned  by  the  sanitation 
system  in  Paris.  I think  that  the  major  pollutants 
at  the  airport  are  caused  by  the  town  which  is  in 
the  vicinity. 

Another  point  here  is  that  in  1985,  I see  that  the 
aircraft  engines  that  will  be  flying  at  that  time, 
will  be  fulfilling  the  requirements  which  are 
printed  in  the  ICAO  Circular,  so  all  the  calcula- 
tions that  have  been  shown  should  be  Invalid  be- 
cause the  new  airplane  will  meet  the  requirements 
and  will  have  a very  low  level  of  pollutant. 
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ABSTRACT 

Ground  level  pollution  concentrations  have 
been  calculated  at  a Naval  Air  Station  using  a 
modified  Air  Quality  Assessment  model.  The  sensi- 
tivity of  model  predictions  to  varying  meteorolog- 
ical conditions  and  assumed  dispersion  model 
parameters  were  determined.  Optimum  receptor 
locations  for  model  validation  efforts  were 
identified. 


THERE  HAVE  BEEN  NUMEROUS  modeling  methods  devel- 
oped to  predict  the  dispersion  of  air  pollution. 

In  recent  years  there  have  also  been  several  major 
modeling  efforts  directed  at  aircraft  operations. 

An  early  model  was  developed  by  Northern  Research 
and  Engineering  Corporation  (NKEC)  (2).*  This 
model  provided  the  basis  for  the  OEOMET  model  (3) 
which  has  been  validated  to  some  extent  by  mea- 
surements at  the  Uashington  National  Airport  (A). 
Military  operations  (aircraft  and  air-base)  differ 
significantly  from  civilian  operations.  For  this 
reason  the  USAF  contracted  the  Argonne  National 
Laboratory  to  develop  an  air  quality  assessment 
model  (AQAM)  for  Air  Force  operations  (5-9).  The 
latter  model  was  based  upon  an  earlier  TRW  Model, 
the  Air  Quality  Display  Model  (AQDM)  (10). 

Most  of  these  aircraft  related  models  con- 
sist of  three  major  parts,  a source  Inventory 
model  which  yields  rates  and  quantities  of  emitted 
pollutants,  a short  term  dispersion  model  and  a 
long  term  dispersion  modal.  Many  of  the  techniques 
(and  their  limitations)  which  have  been  used  to 
predict  the  spreading  rate  from  elevated  sources 
have  been  discussed  by  Mathis  and  Grose  (1),  Most 


Numbers  in  parentheses  designate  References  at 
end  of  paper 


of  the  models  are  solutions  to  the  diffusion  equa- 
tion assuming  Gaussian  dispersion  in  both  the 
horizontal  and  vertical  directions  (1,11).  In 
these  cases  the  plume  dimensions  are  specified  by 
vertical  and  horizontal  standard  deviations 

(o  , 0 ) which  in  turn  are  functions  of  the 

y z 

atmospheric  stability  and  Che  downwind  distance  or 
travel  time.  The  models  predict  average  steady 
state  conentrations  ovei  some  time  interval; 
typically  ten  minutes  or  one  hour  for  the  short 
term  models.  Special  provisions  are  made  to 
account  for  very  low  wind  speeds  and  the  presence 
of  elevated  stable  layers  (lid  height).  Plume 
rise  due  to  thermal  buoyancy  and  vertical  momentum 
and  downwash  effects  are  sometimes  used  to  obtain 
"effective"  emission  heights.  Must  models  neglect 
gravitational  settling  and  chemical  reactions  with- 
in the  atmosphere  although  a few  consider  the 
latter  effect  through  a specified  half-life.  Short 
term  models  ausume  an  average  wind  speed  and  direc- 
tion and  atmospheric  stability  class  over  the 
dispersion  time  considered. 

Aircraft  operations  are  specified  through  a 
landing  and  talce-off  operational  cycle  tlme-ln-mode 
(LTO) . The  cycle  is  defined  by  the  number  and  type 
of  operational  modes  required  to  complete  the 
cycle.  The  EPA  utilizes  ten,  and  the  USAF  eleven, 
operational  modes  to  define  an  LTO  cycle  (12). 

Accuracy  of  model  predictions  depends  both 
upon  the  assumptions  employed  in  the  dispersion 
model  and  upon  the  detail  and  accuracy  of  the 
specified  emission  rates  for  aircraft,  air-base 
and  off  air-base  (environs)  operations.  Long-term 
models  appear  to  agree  reasonably  well  with 
observations  (lA) , However,  none  of  the  short 
term  models  for  aircraft  operations  have  been  vali- 
dated as  quantitatively  accurate  and  it  is  doubtful 
that  they  will  ever  yield  a good  comparison  with 
measured  concentrations  on  an  hour-by-hour  basis 
(11,  13,  lA) . The  values  of  and  are  not 

known  accurately  (especially  in  the  near-source 
region)  (11,  lA),  sources  are  not  continuous,  and 
atmospheric  conditions  are  not  steady.  However, 
the  models  have  been  shown  to  be  good  qualitative 
tools  for  assessing  the  effects  of  changes  in 
operating  procedures  and  meteorology  on  atmospheric 
pollution  levels  (lA).  In  addition,  the  short  term 
models  appear  to  predict  frequency  distributions 
which  are  in  reasonable  agreement  with  observations 
(lA). 

Regardless  of  the  accuracy  of  the  model  for 
modeling  the  airbase  operations,  modeling  of  the 
surrounding  environment  is  very  difficult.  It  is 
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this  background  level  of  pollution  (which  Is 
typically  much  greater  than  the  alrcraf t/alr-base 
generated  pollution)  that  has  mode  It  Impossible 
to  date  to  adequately  validate  any  of  the  short 
term  models.  In  addition,  the  cost  Is  high  In 
equipment  and  manpower  to  operate  adequate  sampling 
stations.  A large  data  base  Is  needed  which  In- 
cludes a wide  range  In  meteorological  and  opera- 
tional conditions.  Nevertheless,  validation  of 
the  models  needs  to  be  done  In  as  complete  and 
well  planned  manner  as  Is  affordable.  This  Is 
required  If  the  models  are  to  ba  used  with  con- 
fidence In  assessing  the  effects  of  alrcraf t/alr- 
base  operations  on  both  the  airbase  and  the 
surrounding  coamunlty. 

The  validation  process  can  concentrate  on  high 
or  low  Intensity  sampling  or  both  In  some  combina- 
tion. It  can  be  done  for  "on-base"  affects  or 
airbase  effects  on  the  local  environment.  Far- 
downwind  effects  caused  by  airbase  operations  re- 
quire further  attention.  Validation  efforts  may 
consider  only  ground  level  concentrations  or  may 
Include  some  elevated  receptors.  Validation  can 
also  be  done  for  some  of  the  sub-models  within 
the  overall  dispersion  model.  Some  of  these  sub- 
models are  based  upon  questionable  assumptions. 

For  example,  what  are  appropriate  values  for 
o , 0 and  plume  rise  for  the  aircraft  Jet 

y * 

exhaust  during  taxi  and  take-off? 

Before  validation  work  Is  conducted  It  Is 
necessary  to  determine  the  sensitivity  of  the 
model  predictions  to  Its  input  parameters 
(meteorology  and  operations) . The  sensitivity 
results  Indicate  under  what  conditions  tha  model 
can  be  bast  validated  If  only  limited  sampling  can 
be  accomplished.  In  addition,  the  modal  can  be 
used  to  help  locate  the  optimum  receptor  locations 
for  model  validation.  The  sensitivity  of  the  model 
(or  sub-model)  to  the  Input  parameters  needs  to  be 
assessed  at  a particular  receptor  location  with 
all  sources  (aircraft,  air-base  and  environ) 
present  because  of  the  Interactions  that  occur 
between  various  sources  (l.e.  variations  In  "com- 
bined" concentrations  of  multiple  sources  at  one 
receptor) . 

Previous  model  validation  and  sensitivity 
studies  (14)  (with  only  point  and  area  sources) 
have  shown  that  (a)  predicted  concentrations  are 
very  sensitive  to  the  specified  stability  class 
and  vary  more  with  wind  direction  than  observed, 

(b)  the  values  of  employed  strongly  affect 

Che  model  predictions  for  high  lid  heights 
(2500  m) , (c)  the  models  are  weak  or  Inapplicable 
for  low  wind  speeds  ( < 1.5  m/sec),  and  (d)  the 
predicted  concentrations  are  strongly  dependent 
upon  Che  lid  height  under  unstable  atmospheric 
conditions. 

This  Investigation  was  conducted  to  determine 
the  sensitivity  of  an  air  quality  assessment  model 
(AQAM)  for  Naval  air  operations  (15,  16)  to  speci- 
fied Input  for  meteorological  and  operational 
conditions.  The  sensitivity  study  was  conducted 
for  operations  at  NAS,  Miramar,  California  to 
precede  a model  validation  effort  at  that  facility 
which  Is  scheduled  to  begin  during  Che  last 
quarter  of  1978. 


NETZER 

AQAM  FOR  NAVAL  AIR  OPERATIONS 

The  Source  Inventory  and  Short  Term  Dispersion 
Computer  Codes  of  the  AQAM  model  lor  Air  Force 
operations  (5-9)  were  modified  for  application  to 
Naval  Air  Operations  (15,  16,  17).  Details  of  the 
modifications  are  prascnted  In  references  15  and 
16.  Schematics  of  VFR  and  helicopter  flight 
simulations  are  sh'>wn  In  Figures  1 and  2 (15,  16, 
17). 


Fig.  1 - VFR  flight  simulations  (15,16,17) 

The  EPA  utilizes  ten,  and  the  USAF  eleven, 
operational  modes  to  define  a LTO  cycle.  Take- 
off and  landings  In  these  LTO's  were  restricted  to 
a vertical  plane  and  did  not  define  operational 
modes  which  are  peculiar  to  the  USN;  such  as  hot 
refueling,  field  carrier  landing  practice  (FCLP) , 
Navy  touch-and-go  (TOO)  and  approaches  made  under 
visual  flight  rules  (VFR).  In  addition,  take-off 
delays  and  operations  peculiar  to  rotary  wing 
operations  (hover  work,  pud  work,  autorotatlons) 
were  not  Included  In  these  original  models.  These 
operations  were  incorporated  Into  the  AQAM  model 
and  resulted  In  an  LTO  cycle  with  21  operational 
modes  as  shown  In  Table  1. 
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SIMULATION  OF  USN  HELICOPTER 
PAD  WORK  PATTERN 


SIMULATION  OF  USN  HELICOPTER 
AUTOROTATION  PATTERN 


Fifj,  2 - Hallcopter  flight  almulatlons  (16,17) 


Tabla  1.  Navy  LTO  oodaa  (16) 


MODE  OF  OPERATION 


SOURCE  MODEL 


Startup  Area 
Taxi  out  Lina 
Taka  off  dalay*  Araa 
Englna  check  Araa 
Runway  (taka  off)  roll  Line 
Cllob  (1-F2)  Line 
Approach  IFR  Line 
Approach  VFR*  Line 
Landing  Lina 
Taxi  In  Line 
(Hot  + Pit)  rafual  delay^  Area 
Hot  refuel*  Area 
Shutdown  Area 
(Arrival  ■('  Departure)  servicing  Area 
Fuel  venting  Area 
Fill  + spill  Area 
TOO  pattarn*  Line 
FCIl’  pattarn*  Line 
Pad  work*  Line 
Hover  work*  Area 
Autorotation  pattern^  Line 


Slodlf Icatlon  to  AQAM 


Many  of  the  oparatljns  added  to  the  LTO  occur 
at  heights  greater  than  500  feat  above  ground  level 
(ACL).  These  may  not  affect  ground  level  pollutant 
concentrations  near  the  airbase  but  contribute  to 
total  amissions  and  to  pollutant  concentrations  at 
elevated  heights.  The  latter  will  play  Increasing 
importance  in  the  future  as  concern  for  far-down- 
wind effects  receives  more  attention. 

A plot  routine  was  also  Incorporated  Into 
AQAM  so  that  predicted  pollutant  distribution 
patterns  could  be  more  readily  observed  over  the 
expanded  25x16  km  grid. 

RESULTS  OF  PREVIOUS  STUDY  (15,16,17) 

Previous  studies  of  the  affects  of  base  opera- 
tions predicted  the  following  results  for  the 
standard  grid  receptors  under  nominal  meteorologi- 
cal conditions: 

1)  Aircraft  delays  reduced  maximum  pollutant 
concentrations  by  only  2Z  but  reduced 
yearly  emissions  by  approximately  21Z  for 
CO  and  HC  and  13Z  for  particulates. 

2)  Refueling  in  parking  areas  Instead  of  hot 
refueling  Increased  local  concentration 
levels  but  reduced  annual  emissions  by 
approximately  8Z. 

3)  Test  cells  and  run  up  stands  were  the 
major  air-base  (non-aircraft)  pollution 
source. 

4)  Estimated  environ  sources  Indicate  that 
background  pollution  levels  are  high  at 
NAS,  Miramar. 

MODEL  SENSITIVITY  STUDY 

In  order  to  determine  the  sensitivity  of  the 
model  predictions  to  the  Input  meteorological  and 
operational  conditions  and  to  certain  model  para- 
meters (o^  , o^  , etc.)  many  parameters  were 

Independently  varied.  The  Imposed  variations 
were  not  Intended  to  be  simulations  of  actual 
conditions,  since  In  most  cases  the  variation  of 
one  meteorological  condition  (l.e.  wind  speed) 
affects  another  (l.e.  stability  level).  The 
Independent  variations  do  provide  valuable  data 
for  model  validation. 

The  sources  Included  In  the  modal  for  NAS 
Miramar  are  presented  In  Tabla  2.  A map  showing 
representative  grid  locations  is  shown  In  Figure 
3.  The  receptor  grid  employed  had  a one  kilometer 
spacing. 

The  nominal  conditions  and  variations  employed 
In  the  sensitivity  study  are  presented  In  Table  3. 
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Table  2 
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Table  3 (Cont'd) 


Sunimary  of  Sources  at  NAS  Miramar 

1.  Air  Base  Sources 
15  Point  Sources 

1 training  fire 

5 test  cells 

2 run-up  stands 
1 power  plant 

6 storage  tanks 

30  Area  Sources 

evaporative  breathing 
space  heating 
of£-road  vehi' 
civilian  vehicjca 

22  Line  Sources 

civilian  vehicles 
11,  Aircraft  Sources 
18  Area  Sources 

6 parking 

A refueling 
1 take-off  delay 

7 pads  and  hover 

173  Lines 

LTO  modes 

111.  Environ  Sources 
1 Point  Source 

off-base  test  cell 
16  Area  Sources 


Initial  vertical  - x 1.5 

dispersion  parameter 
for  all  point  sources 

Initial  vertical  - x 1.5 

dispersion  parameter 
for  all  area  sources 

Initial  vertical  - x 1.5 

dispersion  parameter 
for  all  line  sources 


I 


+ M,l  '' 


Pig.  3 - NAS  Miramar 
RESULTS  AND  DISCUSSION 


land-use 
9 Lines 

roadways 


Table  3 

Model 

Parameters 

Nominal 

Variations 

Wind  spaed  (m/s) 

2.57 

3.6,  9.27 

Wind  direction 

(cw  from  north) 

292 

272,287 

Temperature  (*F) 

60 

70 

Turner  stability 
class 

1 

2, 3, A, 5 

Lid  height  (m) 

800 

100,200,AOO,1AOO 

Initial  line  source 
Width  for  A/C 
taxi  and  runway  (m) 

20 

15,30 

Initial  vertical 
dispersion  parameter 
for  A/C  taxi  and 

8 

12 

runway  (m) 

* 

Average  emission 
height  for  A/C 

4 

8,16 

taxi  and  runway  lines 

(m) 

GENERAL  DISCUSSION  - The  sensitivity  of  the 
multiple  source  model  predlctloiis  to  the  parameters 
presented  in  Table  3 should  in  genaral  follow  the 
Gaussian  behavior  fur  individual  point  and  line 
sources.  However,  the  behavior  at  a particular 
receptor  will  depend  to  a large  extent  on  its  loca- 
tion relative  to  the  various  (and  numerous)  sources 
throughout  the  receptor  grid.  From  a model  valida- 
tion standpoint  it  is  Important  that  hourly  average 
type  data  be  collected  at  locations  where  the  air- 
base/aircraft contributions  are  large  compared  to 
all  environ  (background)  concentrations.  "Optimum" 
receptor  grids  for  model  validation  should  be  found 
which  have  both  large  air-base/ aircraft  contributed 
pollution  corv..entrations  and  concentrations  which 
are  sensitive  to  meteorologlcaJ  and  operational 
conditions.  In  addition,  at  least  one  (and 
preferably  more)  receptor  should  be  located  upwind 
of  the  airbase  to  determine  background  levels  of 
pollution. 

For  point  sources,  the  Gaussian  dispersion 
formula  for  ground  level  (z  ■ 0)  concentrations 
has  been  presented  by  Turner  (11). 


x(x,y,z-0;  H) exp|-  i(^)  }exp{-  ^ (^)  ]■ 


no  o U 
y z 


(1) 
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where: 


0 

y 


3 

X " concentration,  g/ra 
Q • uniform  emlsBion  rate,  g/sec 
0 • standard  deviations  of  plume  concen- 

tration  in  the  horizontal  and  vortical 
directions  respectively,  m 
U * mean  wind  speed,  m/sec 
H • plume  height,  m 


For  concentrations  along  the  plume  centerline 
(y  ■*  0)  the  first  exponential  term  vanishes  and 
for  ground  level  sources  with  no  plume  rise  (H  - 0) 
the  second  exponential  vanishes. 

When  vertical  diffusion  Is  limited  by  a stable 
layer  at  height  diffusion  equation  must 

be  modified.  Turner  (11)  suggests  that  when  the 
downwind  distance  is  twice  that  required  for  o^ 

to  become  equal  to  0.47  > then  the  plume  can 

be  considered  as  uniformly  distributed  in  the 
vertical  direction,  llien  (1)  becomes 


x(x,y,z:H) 


/2ii  0 h,  . , U 
y lid 


For  (infinite)  line  sources  Turner  has  presented; 


X(x,y  z-0;H) 


where: 

q ~ source  strength  per  un Lt  distance, 
g/sec-m 

‘t  “ angle  between  line  source  and  wind 
direction  45*  < ifi  < 90" 

Behavior  of  the  short-term  modal  predictions  under 
varying  meteorological  conditions  should  in 
general  follow  equations  (1),  (2),  or  (.1)  depending 
upon  the  receptor  location  relative  to  the  dominant 
emission  source.  At  receptors  where  multiple 
sources  contribute  significantly  the  behavioral 
trends  will  not  be  so  readily  estimated  a priori. 

The  effects  of  Individual  variations  in 
meteorological  and  dispersion  model  parameters  are 
discussed  below  in  order  to  examine  the  sensitivity 
of  the  model  predictions.  It  is  not  implied  that 
these  parameters  can  be  varied  independently  in 
actual  practice. 

RECEPTOR  LOCATIONS  FOR  MODEL  VALIDATION  - 
Environ  sources  were  predicted  to  peak  south  of  the 
airbase  at  receptors  (11,2),  (11,3),  and  (11,4). 
(11,2)  is  near  the  center  of  Montgomery  Field  and 
(11,4)  lies  due  north  at  the  intersection  with 
Interstate  IS. 

For  a dominant  wind  from  the  WNW  (292"), 
nominal  background  (to  the  airbase)  pollution 
levels  were  140  pg/m’  and  6 pg/m’  of  CO  and 
FT  respectively  (special  receptor  #1,  Table  4). 
Maximum  background  levels  reached  582  and  23 
pg/m’  for  CO  and  FT  respectively  for  stable 
conditions  (stability  class  ” JSTAB  ■■  5) . More 
stable  conditions  (increasing  J'  I'AB)  decrease 

o and  a and  increase  conceutratlon  levels 
y z 


(equation  (1)).  Lowering  h,.,  increased 

lid 

concentrations  (equation  (2))  while  .Increased 
wind  speeds  reduced  concentrations  as  expected. 

Table  4 

Effects  of  Meteorological  and  Model  Parameters  on 
Concentrations  (pg/m’)  at  Special  Receptors 

Nominal  Conditions:  Stability  class  - 1,  h^^^  • 

800  m,  wind  direction  ■ 292",  wind  speed  « 2.57 
m/sec,  ambient  temperature  » 60"F,  A/C  line  source 
height  “4m 

Receptor  t/1  (x  “ 8.37km,  y - 8.52km)  - Background 


Aircraft:  p st  o , all  conditions 
Air-base:  p as  o , all  conditions 


Environ: 

IIeje 

Conditions 

140 

6 

nominal 

250 

9 

h,,  , - 200  m 
lid 

582 

23 

JSTAB  - 5,  all  hj^^^ 

113 

4 

WD  - 272" 

41 

2 

WS  “ 9.27  m/sec 

Receptor  //8 

(x  “ 10.79km,  y 

“ 8.17km)  0.34kffl 

downwind 

of  hot 

refueling  area 

Aircraft: 

p 

u 

Conditions 

CO 

Z21 

574 

280 

nominal 

592 

292 

other  h^^j 

1304 

756 

JSTAB  - 5,  all 

559 

270 

WD  - 272" 

154 

75 

WS  “ 9.27  m/sec 

203 

119 

^A/C  lines  ■ “ 

503 

248 

1.5  X 0 , all  line 

zo 

sources 

Air-base: 

negligible 

Environ: 

60 

2 

nominal 

201 

7 

'’lid  “ “ 

40 

1 

“ 1400  m 

321 

10 

JSTAB  - 5,  all 

52 

1 

WD  - 272" 

17 

1 

WS  ” 9.27  m/sec 

Receptor  //ll 

(x  - 12. 

2ekm,  y 

- 8.31km)  0.08  km 

downwind 

of  take-off  end  of  runway  i/l 

Aircraft: 

p 

u 

Conditions 

CO 

3496 

2031 

nominal 

no  change 

9250 

5297 

hiid  i 400  » 

JSTAB  - 5,  all  hj^^^ 

2918 

1696 

WD  - 272" 

904 

525 

WS  - 9.27  m/sec 

3451 

2(102 

^A/C  lines  ™ 

2965 

1721 

1.5  X C , all  ares 
zo 

sources 
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Ikble  4 (Cont'd) 


Air-base: 

Environ: 


negligible 


54 

2 

nominal 

216 

7 

h,,  , - 200  m 
lid 

31 

1 

hiid  ■ “ 

296 

11 

JSTAB  - 5,  all  1 

57 

2 

WD  - 272* 

15 

1 

WS  “ 9.27  m/sec 

These  background  levels  are  high  (except  for 
particulates)  compared  to  values  at  the  nominal 
grid  receptors  employed  and  Imply  that  model  vali- 
dation would  be  difficult  except  near  strong 
aircraft  and/or  air-base  sources.  Table  4 presents 
data  at  two' such  special  receptors  ((>8  and  #11). 
Special  receptor  #8  is  located  0.34  km  downwind 
(for  a UNW  wind)  from  the  hot  refueling  area  and 
special  receptor  #11  is  located  0.08  km  downwind 
of  the  take-off  end  of  runway  #1.  At  these  two 
locations  alrcrkft  sources  dominate  all  others, 
indicating  that  they  would  bo  adequate  locations 
for  measurements  to  validate  the  model.  However, 
receptor  #11  may  be  too  close  to  the  emission 
source. 

MAXIMUM  RECEPTOR  CONCEMTRATIONS  - All  of  the 
following  discussion  (except  as  noted)  assumes  a 
dominant  wind  from  the  UNW  (292*).  As  discussed 
above,  maximum  contributions  from  environ  sources 
occurred  south  of  the  airbase  (at  receptors  (11,2), 
(11,3),  and  (11,4)),  In  general,  the  contribution 
from  air-base  sources  was  negligible.  At  receptors 
where  air-base  sources  were  the  aujor  contributor 
(downwind  of  test  cells)  overall  concentration 
levels  were  quite  low.  However,  no  attempt  was 
made  to  locate  special  receptors  downwind  of  the 
test  cells  where  concentrations  may  have  been 
significant  during  call  operation. 

Except  for  the  special  receptors  discussed 
above,  maximum  concentrations  from  aircraft  sources 
normally  occurred  for  CO  , HC  and  FT  at 
receptor  (11,8),  near  the  intersection  of  runway 
#1  and  the  emergency  runway.  NO^  generally 

peaked  further  downwind.  Stable  conditions 
(JSTAB  - 3,4)  and  low  lid  height  (hj^^^^  200m) 

shifted  the  peak  concentrations  downwind  whereas 
a shift  in  wind  direction  of  20*  (WD  ••  272*)  tooved 
the  peak  concentrations  upwind.  Larger  assumed 
values  for  aircraft  initial  line  source  width  also 
moved  the  peak  concentrations  upwind. 

Fig.  4 presents  typical  variations  in  the  air- 
craft contribution  to  concentrations  for  00  and 
FT  in  both  the  wind  and  cross-wind  directions. 
Figures  5 and  6 present  typical  concentration 
profiles  for  00  and  FT  from  aircraft  sources. 
These  profiler  indicate  that  e good  eampllng 
location  may  be  near  the  south  gate  of  NAS, 

Miramar.  However,  at  this  location  background 
levels  are  large  compared  to  aircraft  sources 
except  for  particulates.  Apparently,  only  near- 
aircraft  source  receptors  will  yield  adequate 
data  for  iix>dal  validation. 


Fig.  4 - Effect  of  distance  on  aircraft  contribu- 
tion to  receptor  concentrations  of  CO  and  FT  for 
nominal  meteorological  conditions 
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Fig.  5 - CO  concentration  profiles  from  aircraft 
sources 
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Fig.  6 - FT  concentration  profiles  from  aircraft 
sources 
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Detailed  tables  of  results  are  presented  In 
Kef.  18. 


EFFECT  OF  METEOROLOGICAL  PARAMETERS  - 
Lid  Height  - In  general,  environ  and  aircraft 
sources  behaved  In  the  same  nanner.  Air-base 
contributions  were  small  and  varied  more  rapidly 
and  less  predictably.  Stability  class  did  not 
greatly  affect  the  variation  of  concentration  with 
hfid  , although  It  greatly  affected  magnitude.  At 

near  source  locations  (maximum  receptor  concentra- 
tions) variation  In  bad  negligible  effect 

on  concentrations  except  for  very  unstable  condi- 
tions (JSTAB  • 1).  For  JSTAB  - 1 , concentrations 
decreased  less  than  linearly  with  increasing,  but 
small  values  of  h^^^  (100  - 400m) . For  large 

hiid  (800  - 1400m)  peak  concentrations  did  not 
vary  with  h^^^  (Fig.  7).  This  behavior  Is  to  be 
expected  from  equations  (1)  (large  b^^^)  uod  (2) 
(low  b^^j).  Also  as  expected,  away  from  peak 

values,  concentration  decreased  approximately 
linearly  with  Increasing  but  small  values  of  b^^^ 

and  varied  little  for  large  values  of  b^^^  . 

As  b^^^  was  Increased  from  200  to  400  m condi- 
tions, peak  receptor  locations  moved  upwind. 
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Fig.  7 - Effect  of  lid  height  on  concentrations  of 
CO  and  FT  from  aircraft  sources  at  receptor  (11,8) 


Stability  Class  - Stability  class  had  the 
single  largest  effect  on  the  predicted  concentra- 
tions. As  stability  Increases  (JSTAB  - 1 ■»’  5)  , 

o and  a drop  and  ground  level  concentrations 

y z - 

generally  Increase  (equation  (1)).  Table  4 
Indicates  that  concentrations  can  Increase  by  fac- 
tors of  3 to  5 for  JSTAB  Increases  from  1 to  5. 
This  Is  also  shown  In  Figure  8.  At  special  repep- 
tors.  Increases  by  as  much  as  a factor  of  10  were 
predicted.  For  large  b^^^  the  effect  Is  more 

pronounced  chan  for  low  b^^^  . 


Fig.  8 - Effect  of  stability  class  on  concentra- 
tions of  CO  and  PT  from  aircraft  sources  at  recep- 
tor (11,8) 


Again,  aircraft  and  environ  sources  behaved 
similarly,  but  air-base  sources  varied  unpredlctably 
with  Increasing  stability. 

Wind  Speed  - Increasing  wind  speed  decreased 
concentrations  of  all  sources  approximately 
linearly  as  expected  from  equation  (1),  (2),  and 
(3).  More  rapid  variations  occurred  when  receptors 
were  very  close  to  a strong  source  (special 
receptor  //ll.  Table  4). 

Wind  Direction  - Wind  direction  had  negligible 
effect  on  concentrations  from  environ  sources.  As 
the  wind  direction  was  changed  from  292*  to  272* 
the  wi id  became  nearly  parallel  to  the  primary  taxi 
and  runway  line  sources.  Peak  concentrations  from 
aircraft  sources  dropped  by  as  much  as  20Z  and 
downwind  receptor  concentrations  Increased  by  as 
much  as  a factor  of  3.5. 
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Ambient  Temperature  - An  ambient  temperature 
change  of  lO^F  as  an  Independent  parameter  had  no 
effect  on  predicted  concentrations, 

DISPERSION  MODEL  PARAMETERS  - 

Initial  Aircraft  Line  Source  Width  - Tljls 
parameter  had  negligible  effect  on  concentrations 
from  aircraft  sources  for  nominal  lid  height  (800m) 
and  a stability  class  of  1.  Effects  at  special 
receptors  and  for  other  meteorological  conditions 
were  not  determined. 

Aircraft  Line  Source  Emission  Height  - This 
parameter  had  negligible  effect  for  nominal 
meteorological  conditions  except  at  special  recep- 
tor UH  (downwind  of  hot  refueling  where  model 
validation  may  be  attempted).  At  this  receptor. 
Increasing  the  aircraft  emission  height  from  4 m to 
16  m reduced  the  predicted  concentrations  by 
approximately  a factor  of  3,  Plume  rise  of  Jet 
exhausts  (which  are  neglected  In  the  model)  may  have 
a dominant  affect  on  model  validation  at  particular 
receptors . 

Initial  Vertical  Dispersion  Parameters  - In- 
creasing (separately)  the  Initial  vertical  disper- 
sion parameters  for  point,  area,  and  line  sources 
by  a factor  of  1,5  had  negligible  effect  on  pre- 
dicted concentrations  except  at  near-source  special 
receptors.  Even  at  the  latter  locations  predicted 
variations  were  less  than  20%, 

Aircraft  Line  Sources  Above  150  ni  Altitude  - 
Eliminating  all  aircraft  line  sources  above  150  m 
altitude  had  Insignificant  effects  upon  predicted 
ground  level  concentrations  for  nominal  meteorolo- 
gical conditions.  For  vary  low  lid  lielghts 
significant  effects  may  occur,  but  were  not  In- 
vestigated. The  aircraft'  sources  above  ISO  m do 
'.ontrlbute  significantly  to  the  total  yearly 
P'lllutants  emitted  by  aircraft  at  NAS,  Miramar, 
(approximately  8%  of  CO  and  35%  of  partlculatus) . 

MODEL  VALIDATION  EFFORTS 

Much  has  been  written  on  atmospheric  disper- 
sion models  and  the  needed  validation.  Some  of 
these  efforts  have  been  discussed  above.  In  addi- 
tion to  the  above  discussion,  several  additional 
comments  are  required  with  regard  to  model  valida- 
tion efforts. 

It  would  be  most  desirable  to  obtain  a model 
that  could  accurately  predict  concentration  levels 
on  an  hour-by-hour  basis.  Obtaining  such  a model 
would  be  a formidable  task.  Current  models  re- 
quire Inputs  of  constant  values  of  "properly 
selected"  hourly  averaged  wind  speed,  wind  direc- 
tion, ambient  temperature,  lid  height,  and  stabi- 
lity class.  The  latter  Is  often  based  upon  general 
observational  type  data  (wind  speed,  cloud  cover, 
etc.)  However,  It  Is  known  that  vortical  diffusion 
rates  are  sensitive  to  the  vertical  profile  and 
that  wind  speed  and  direction  often  shift  signifi- 
cantly during  any  given  hour.  Elevated  point 
source  dispersion  data  are  also  often  used  for 
near-ground-level  point  and  line  sources.  Since 
a and  o may  vary  significantly  with  elevation, 

y * 

large  errors  may  be  Introduced . The  question 
arises,  what  are  "properly  selected"  average  values 
for  model  Input?  Additional  difficulties  arise 
when  non-contlnuous  sources  are  represented  as 


continuous  sources  over  the  one-hour  period. 

Models  should  be  checked  for  quantitative  accuracy 
over  the  receptor  grid  of  interest,  but  they  may 
be  of  practical  value  even  If  they  fail  In  this 
regard.  If  they  can  reliably  predict  the  correct 
distribution  of  concentration  values  and  the 
correct  sensitivity  to  meteorological  parameters, 
then  such  models  could  be  used  for  assessing  the 
relative  effects  of  operations  on  the  local 
environment. 

It  appears  that  many  validation  efforts  have 
been  directed  at  "complete"  or  "fu:'ctlonally 
efficient"  models.  For  example,  use  of  "observed" 
meteorological  data  to  determine  stability  class. 
Willie  this  Is  a desired  finished  model  characteris- 
tic, It  may  be  far  to  much  to  ask  of  a model 
which  Is  very  sensitive  to  stability  class.  Short 
term  model  validation  efforts  should  be  conducted 
with  very  accurate  operations  and  meteorological 
data.  If  validation  falls  under  these  conditions, 
the  model  will  never  be  adequate  for  lower  quality 
Input.  Accurate,  and  detailed  meteorological  data 
could  also  be  used  to  better  determine  "properly 
selected"  average  values  for  model  input. 

It  also  appears  chat  some  "long  path"  measure- 
ments are  required  between  point  sampling  locations 
to  determine  the  validity  of  using  point  source 
data  for  validation  of  models  that  have  limited 
microscale  predictive  capabilities, 

CONCLUSIONS  AND  RECOMMENDATIONS 

Ground  level  pollution  concentrations  at  NAS, 
Mlram.ir  have  been  predicted  using  the  modified 
AQAM  model  for  various  meteorological  conditions 
and  model  parameters.  Special  receptor  locations 
have  been  Identified  which  appear  to  be  Ideally 
suited  for  model  validation  efforts. 

Air-base  contributions  to  the  predicted  con- 
centrations were  very  small.  Background  (environ) 
source  levels  for  all  but  particulates  are  high 
and  will  make  model  validation  difficult  except  at 
special  receptors  where  aircraft  sources  dominate 
(for  example,  downwind  of  hot  refueling  and  the 
take-off  end  of  runway  111), 

Plume  rise  of  aircraft  Jet  exhausts  during 
taxi.  Idle  and  take-off  may  significantly  affect 
measured  ground  level  concentrations.  Model 
changes  may  be  required  to  Incorporate  this  effect. 

I'he  NAS,  Miramar  data  Incorporated  Into  the 
modified  AQAM  model  were  for  the  year  1975  and  will 
require  updating  before  comparison  with  measured 
data  Is  performed. 
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DISCUSSION 

ROTE:  What  are  your  plans  for  a measurement  at 
Miramar  now? 

NETZER:  1 think  Tony  could  probably  answer  that 

better  than  we  could.  We  had  a lot  of  difficul- 
ties with  installation,  and  we  wanted  to  start, 
but  it  looks  like  it  Is  going  to  be  toward  the 
first  of  the  year  before  we  start  monitoring. 

The  effort  Is  similar  to  what  the  Air  Force  has 
dona,  and  we  are  using  a lot  of  the  same  people. 

BAUER:  I Would  like  to  ask  you  some  questions 
about  stability  classes.  You  use  the  Turner 
numeric  system,  which  is  equivalent  to  the  P-G 
system.  Your  normal  calculations  are  made  for 
stability  class  1 or  A,  but  that  surely  can  occur 
only  a very  omoll  fraction  of  the  time. 

NETZER:  I did  not  imply  that  Is  the  normal 
stability  class  that  we  used  for  Miramar.  The 
normal  is  2.  We  used  one  only  as  a base  case  for 
the  unstable  condition  in  the  parametric  studies. 

In  the  studies  '.nat  we  did  for  looking  at  the 
effect  of  base  operations  and  aircraft  operations 
we  used  the  actual  stability  class  for  the  areo, 
whicli  is  normally  2,  or  B. 

BAUER:  You  only  work  in  the  day  time  don't  you? 

NETZER:  Tile  operations  normally  are  ebBentially 
terminated  by  1600  hours. 

BAUER:  T1:o  lid  height  is  not  an  important  para- 
meter? 

NETZER:  It's  usually  around  800  meters. 

BAUER:  It  doesn't  affect  the  results,  does  it? 

NETZER:  If  it  get  low,  it  affects  it  drastically; 
when  it  gets  down  below  500  meters  to  400  meters, 
then  you  start  to  see  very  large  effects. 

TAYLOR:  I noticed  on  one  of  the  last  couple  of 
slides  you  showed  CO  levels  of  extremely  high 
rotcrograms,  running  to  4,  5,  or  6 hundred.  At  the  same 
time,  you  predict  that  the  air  base  contributions 
are  very  small.  Is  that  because  those  calculated 
points  are  very  central  to  the  air  base  emlBslons 
and,  therefore,  getting  a larger  concentration  of 
air  base  contributions? 
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NETZER:  On  that  particular  sllda  the  receptor  that 
you  saw  earlier  la  located  right  l<i  the  center,  at 
the  maxlnum  point  for  aircraft  emissions.  If  you 
look  at  the  edge  of  the  al^*  base,  the  concentra- 
tlonii  of  CO  due  to  the  aircraft  source  when  you  are 
further  away,  two  and  a half,  three  kilometers 
downwind,  are  much,  much  lower. 

TAYLOR:  Previously  you  showed  a contour  map  of  CO 
centered  on  that  point  I believe.  Uo  you  know 
approximately  what  concentrations  you  are  pre- 
dicting at  chose  outer  rings? 

NETZER:  1 don't  remember  exactly.  At  tha  peak. 

It  Is  about  ISO  micrograms.  At  the  edge  of  the 
air  base  we  are  talking  about  a number  like 
30. 


to  go  back  In  because  now  the  prime  operator  Is  the 
F-14,  so  we  ha7e  a significant  change  In  the  Input 
variables. 

LINDENHOFEN:  Thank  you. 


LXNDENHOFEN:  I am  surprised  to  find  that  where 
the  Air  Force  doesn't  see  much  of  an  Impact  of 
particulates,  you  do. 

NETZER:  It  may  be  because  of  the  difference  In 

the  aircraft  operations.  Tha  Navy  uses  a lot  of 
dual-engine  aircraft,  and  a couple  of  them  are  the 
F-4,  which  Is  quite  dirty,  and  tha  particulate 
concantratlons  from  the  larger  number  of  larger 
aircraft,  I Chink,  dominate. 

Now  I need  to  qualify  that  because  the  data  we  are 
using  for  the  particulate  emissions  come  from 
seven-  or  alght-year-old  reports  on  the  particu- 
lates that  are  being  emitted  by  those  particular 
engines.  They  may  have  to  be  updated  and  the 
values  may  change,  but  the  only  real  reason  that 
I know  for  the  big  difference  is  the  large  number 
of  multi-engine  operations. 

LINDENHOFEN:  The  Air  Force  has  a lot  of  F-A's, 
the  multi-engine  al’f craft. 

NETZER;  At  Williams  Air  Force  Base  the  number 
of  dual-engine  aircraft  relatively  speaking  Is 
quite  small. 

LINDENHOFEN:  We  are  l.alklng  about  other  bases.  Do 
you  know  what  you  are  using  for  particulate  mass, 
just  soot  values  or  ere  condensed  hydrocarbons 
Included? 

NETZER:  The  values  are  those  Included  In  the  North 
Island  report — the  aircraft  emissions  catalogue  for 
Chose  engines.  Those  are  Che  values  we  are  using. 

For  those  not  available  there,  we  have  used  the  specs 
out  of  the  1973  Air  Force  report  for  particulates. 

LINDENHOFEN:  Did  you  iiK>del  hydrocarbons? 

NETZER:  They  were  not  particularly  high,  but  higher 
than  background,  yes. 

LINDENHOFEN:  That  Is  kind  of  strange  due  to  the 
fact  that  the  F-14's  Idling  for  13  minutes,  would 
generate  a large  amount  of  hydrocarbons. 


NETZER:  That's  true,  but  when  we  aodelad  tha  work 
(here  It  Is  for  1975  operations),  the  number  of 
F-14  operations  at  Miramar  was  low.  We  have  sot 
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SY  AIR  COMMODORE  SIR  FRANK  WHITTLE,  K.B.E..  C.B.,  F.R.S. 


Sir  Frank,  In  bla  Invited  addreaa,  reviewed 
the  hlacory  of  hla  developaent  of  the  turbojet 
engine,  atartlng  in  1930. 

UIm  initial  problea  was  in  Inprovlng  the  cob- 
bustlon  efficiency  of  aircraft  engines.  He  re- 
quired twenty  four  tlMS  tbe  conb.  atlon  intensity 
that  had  aver  been  achieved  before. 

The  first  successful  flight  of  tha  naw  engine 
took  place  in  April  1937.  The  basic  ingredient  of 
tbe  new  engine  was  the  double-sided  centrifvigal 
compressor.  By  June  of  1939  the  teat  version  of 
tbe  engine  produced  1,000  pounds  thrust  a".  16,000 
rpa.  The  Air  Ministry  then  contracted  to  build  a 
flight  version  of  the  engine.  It  weighed  620  pounds 
and  vt.n  designed  for  1,240  pounds  thrust. 

Although  people  generally  think  there  were  no 
operational  British  Jets  during  World  War  II,  this 
is  not  true.  The  Air  Ministry  went  into  production 
of  a twin-engine  Jet  fighter  called  the  Media. 

Media  One  was  in  service  in  616  Squadron.  It.« 
first  use  was  to  shoot  down  the  German  bu;iz  bomb 
because  it  was  the  only  airplane  capable  of  over- 
taking it. 

In  October  1941,  the  WIX  engine  and  drawings 
of  tbe  V2B  engine  were  flown  to  the  U.S.  for  pro- 


duction. In  six  months  GE  had  their  first  version 
of  the  W2  running.  Bell  Aircraft  built  the  air-* 
plane  with  the  new  engine  and  it  made  its  first 
flight  on  October  2,  1942.  That  aircraft  was  the 
XPS9A  and  it  is  now  in  tha  Air  and  Space  Huseiss 
together  with  tl . WIX  engine. 

Late*,  davalopaents  of  tbe  basic  engine  led  to 
the  Rolls  Royce  Five.  This  engine  was  installed  in 
the  Media.  It  gave  3,600  pounds  of  thrust  and  the 
Media  took  the  world  speed  record  at  606  miles  per 
hours. 

Sir  Frauk's  engine  development  group  was 
natlonallced  in  1944  and  in  1946  it  was  converted 
into  the  National  Gas  Turbine  Eitabllshment. 
Following  that.  Sir  Frank  became  technical  advisor 
to  the  Air  Ministry. 

Sir  Frank's  last  wartime  Jet  engine  was  con- 
verted to  use  in  a transatlantic  civil  airplane, 
which  was  to  cruise,  with  turbine  fans,  at  about 
450  miles  per  hot^r.  The  Air  Ministry  discouraged 
this  effort  saying  that  passengers  wouldn't  want  to 
fly  faster  than  250  mllei  par  hour.  Another  ven- 
ture that  was  cut  chort  was  the  Miles  M52  super- 
sonic airplane  doaigned  for  1,000  miles  per  hour. 
The  Air  Ministry  said  it  was  too  risky  for  a man — 
even  a test  pilot  — to  fly  a supersonic  airplane. 
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ABSTRACT 

Boundary- layer  or  meteorological  wind 
tunnels  capable  of  simulating  natural  winds  in 
the  atmospheric  boundary  layer  have  boon  develop- 
ed that  provide  a reliable,  convenient  and 
economical  means  for  investigation  of  short- 
range  atmospheric  dispersion.  In  particular, 
when  dispersion  through  advective  transport  by 
complex  mean  flow  over  buildings  and  topographic 
features  is  as  important  as  turbulent  diffusion, 
physical  modeling  becomes  essential  for  estimat- 
ing the  impact  of  a proposed  developmental 
project  on  air  quality.  Current  techniques  for 
modeling  natural  wind, ‘for  simulating  source 
characteristics  and  for  tracer-gas  analysis 
enable  quantitative  concentration  data  to  bo 
obtained  within  an  accuracy  of  approximately 
20%.  Flow  visualization  witH  smoko  provides 
complementary  information  that  reveals  details 
of  complex  interactions  between  the  effluent 
and  geometrical  features  of  the  situ. 

BOTH  THE  MEAN  AND  TURBULENT  MOTIONS  of  the 
atmosphere  contribute  to  the  dispersion  or  dilu- 
tion process.  The  length  scales  ussociiited  with 
tl\ese  motions  for  the  entire  jirocess  spun  a 
tremendous  runge--upproxLmately  lO"**  to  lo'’  m or 
from  molecular  to  global  st,alus.  A large  number 
of  the  pol lut ion- level  predictions  or  controls 
that  engineers  are  culled  upon  to  make  are  associ- 
ated with  a smaller  range  of  length  sculcs-- 
approxlmutely  10"'^  to  10"^’  m or  from  micro-  to 
mcso-scale.  In  this  paper  attention  is  focused 
on  short-range  dispersion  over  urban  ureas  or 
complex  terrain  whore  the  source-receptor  distance 
may  vary  from  1 to  lo'*  m.  For  tliis  class  of  flows 
advective  transport  by  moan  motion  may  contribute 
as  much  or  more  to  dispersion  us  does  turbulent 
diffusion.  For  these  cases  the  most  active  scales 
of  atmospheric  motion  probably  range  from  10"^  to 
lO"*  m.  Many  common  problems  such  as  detenninat  ion 
of  pollutant  concentrations  resulting  from  agri- 
cultural burning,  industrial-stack  omissions  in 
and  near  urban  areas,  automobile  exhausts  released 
in  city  streets  or  from  elevated  and  undcrgro\mU 
parking  garages,  air-conditioning  exhausts  from 
buildings,  aircraft  exhausts  near  airports,  and 
power-plant  emissions  over  complex  terrain  are  in 
this  category. 


In  principle,  it  is  possible  to  compute  con- 
centrations from  a particular  pollutant  source 
if  the  wind  field  is  specified  in  space  and  time. 
This  detailed  air-flow  information  is  not  acces- 
sible, The  result  has  been  that  analytical 
approaches  have  been  confined  essentially  to  use 
of  statistical  descriptions  of  atmospheric 
turbulence  for  unidirectional  mean  flow  over  plane 
boundaries  of  uniform  roughness  and  temperature 
(1,  2,  3)*.  Unfortunately,  the  common  air- 
pollution  problems  referred  to  exist  whore  the 
boundaries  are  non-planar  (topographic  features 
such  as  hills  and  valleys  may  be  present)  and  the 
surface  roughness  and  temperature  may  bo  highly 
non-uniform  (particularlt  for  largo  urban  areas). 
Furthermore,  the  sources  may  be  located  near  a 
roughness  element  such  as  a building  or  group  of 
buildings  whore  the  initial  dispersion  is  govonicd 
by  complex  flow  over  the  element.  The  inability 
to  describe  three-dimensional  mean  velocity 
fields  and  turbulence  characteristics  for  these 
complex  but  real  boujidary  conditions  has  stimulat- 
ed efforts  to  obtain  concentration  distributions 
directly.  This  may  be  accomplished  by  making 
concentration  meusureraents  in  the  real  atmosphere 
or  in  a simulated  atmospheric  boundary  layer 
created  by  moans  of  a ])hyslcul  model. 

Laboratory  simulation  of  atmospheric  motions 
over  limited  scale  ranges  has  been  used  to  study 
many  fundamental  meteorological  processes.  A 
general  review  of  efforts  to  simulate  the  various 
scales  of  motion  ranging  from  molecular  to  global 
has  boon  presented  by  Hidy  (4).  Simulation  oi 
micro-  to  moso-scale  atmospheric  motions  by  means 
of  specially  designed  wind  tunnels  has  lieon  de- 
scribed by  Cermak  (5).  Tliose  reviews  reveal 
clearly  that  no  single  laboratory  model  can 
represent  the  entire  range  of  atmospheric  motions 
simultaneously. 

Tile  primary  puriiose  of  this  paper  is  to  sliow 
through  basic  similarity  analysis  and  comparisons 
of  model  and  full-scale  data  that  atmosplieric 
transport  by  micro-  to  .small-sca'e  motions  can  be 
pliysically  modeled  in  ''boundary-layer"  wind 
tunnels  for  a range  of  real  boundary  conditions 
which  have  groat  practical  importance  witli  respect 
to  air-pollution  studies.  The  scales  of  motioTi 
most  accurately  simulated  depend  upon  the  model 
scale,  thermal  stratification,  and  wind-tunnel 
characteristics;  therefore,  tlie  distances  over 

‘Numbers  in  parentheses  designate  References  at 
end  of  paper. 
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which  concentration  distributions  can  bo  aodeled 
accurately  aust  be  examined  for  each  case.  Compar- 
isons of  concentration  data  for  laboratory  models 
ranging  in  scale  from  1:100  to  1:10,000  and  their 
atmosi^ric  prototype  are  presented  when  measure- 
ments in  the  full-scale  system  are  available. 

These  comparisons  support  the  arguments  for 
similarity  of  the  physical  model.  K second 
objective  is  to  illustrate  the  application  of  simu- 
lated natural  wind  to  investigation  of  dispersioe 
problems.  The  use  of  wind  tunnels  for  physical 
modeling  of  a wide  variety  of  wind  effects  encoun- 
tered in  wind  engineering  has  been  described  by 
Cermak  (6) . 
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REQUIRBMENTS  FOR  SIHILAKITY 

A physical  model  which  exactly  simulates  the 
entirt  atmosphere  is  neither  possible  nor  necessary 
for  the  study  of  air-pollution  problems  such  as 
those  identified  previously.  Motion  in  the  lower 
atmosphere--tho  atmospheric  boundary  layor-- 
dominates  dispersion  from  sources  near  the  ground; 
therefore,  requirements  for  similarity  of  this 
layer  must  be  considered. 

Tllti  PHYSICAL  HOOUL-Tho  basic  physical  model 
considered  in  this  paper  is  a boundary  layer  form- 
ed over  the  floor  of  a long  wind-tunnel  working 
section  in  which  vortical  toapcrature  gradients 
are  controlled  by  heating  or  cooling  the  floor  and 
cooling  or  heating  the  ambient  air  stream.  The 
effects  of  radiation  transfer  and  phase  changes  of 
water  in  the  atmosphere  are  not  included  in  the 
physical  model.  Accordingly,  neither  simulation 
of  local  singular  motions  associated  with  thunder- 
storms and  tornadoes  nor  washout  and  rainout  by 
precipitation  are  achieved.  The  development  of 
elevated  inversion  in  the  boundary  layer  either  by 
ground  radiation  or  by  subsidence  of  the  upper 
atmosphere  is  of  extreme  importance.  These  must 
be  included  in  the  model  as  an  upwind  boundary 
condition  since  the  local  physical  process  for 
their  development  are  not  usually  present  in  the 
model . 

Kuquirumeiils  for  similarity  of  the  atmospheric 
and  wind-tunnel  boundary  layers  can  be  obtained 
directly  from  the  fundamental  equations  for 
conservation  of  mass,  momentum  and  energy.  These 
requirements  have  been  formulatud  by  Cermak  (5) 
for  boundary  layers  which  arc  cither  stable, 
unstable  or  neutral  over  the  entire  boundary- 
layer  depth.  In  the  fallowing  paragraphs,  the 
requirements  arc  summarized  and  extend  to  boundary 
layers  which  have  thermally  stratified  layers  of 
different  stabilities. 

INSPliCTlONAL  ANALYSIS-Thc  general  requirements 
for  geometric,  dynamic  and  thermic  similarity  can 
be  obtained  directly  by  inspectional  analysis--a 
method  described  by  Kuark  (7)  to  suppiement  dimen- 
sional analysis.  Appropriate  equations  expressing 
the  fundamental  concepts  of  mass,  mooiuntum  and 
energy  conservation  for  motion  of  the  atmosphere 
are  ti.o  following: 
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liquation  (2)  is  the  time  averaged  equation  of 
motion  in  which  instantaneous  dependent  variables 
are  represented  as  a moan  value  plus  a fluctuation 
from  the  moan  and  the  Boussinesq  approximation  has 
boon  made  to  express  the  effect  of  temperature 
stratification  upon  the  body  force.  The  Boussinesq 
iy^roximation  limits  equation  (2)  to  flows  in  which 
AT<<To  and  results  in  P being  the  departure  of 
the  mean  pressure  from  the  hydrostatic  pressure. 

In  equation  (3)  the  dissipacion  of  kinetic  energy 
associated  with  the  mean  and  turbulent  motion  to 
thermal  energy  is  represented  by  4 • Uach  of  the 
independent  and  dependent  variables  may  bo  scaled 
us  follows  to  yield  non-dimensional  forms  (designat- 
ed by  the  asterisk):  0^:11  , 
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g:g  . The  following  dimensionless  statements  for 
conservation  of  mass,  momentum  and  energy,  respect- 
ively, result: 
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If  the  boundary- layer  theraal  stratification 
consists  of  a lower  unstable  layer  (aixing  layer) 
of  thickness  li|  with  an  upper  stable  layer  of. 
thickness  ti2  , the  foregoing  equations  can  bo 
scaled  for  each  layer.  For  the  lower  layer  = 

111.  Uq  * (“o)l.  ATo  . (AT„),  and  p„  - (Po)  i 
while  for  the  upper  layer  = H2.  etc, 

GEOMETRIC,  DYNAMIC  AND  THERMIC  SIMIlJiKITY- 
Ono  set  of  requireaents  for  exact  siailarity  is 
equality  of  the  nondiacnsional  coefficients 
(quantities  in  brackets]  shown  in  equations  (4). 

(S)  and  (6)  for  the  physical  aodol  and  the 
ataospherc.  In  sumary,  the  requircaents  aay  be 
stated  as  follows; 

a.  Undistort ed  scaling  of  gouaetry-- equation 
(4)  contains  no  diaonsionlcss  aultipliers  coaposed 
of  the  scaling  factors  because  all  length  variables 
were  scaled  with  the  saae  length  Lq.  Accordingly 
a Bodcl  of  undistortod  gooaotry  will  p.oduce  a 
flow  which  will  be  coapatiblo  with  the  principal 

of  aass  conservation. 

b.  Equal  Kossby  nuabor--Ko  • U^^  (LqUo) 

_ c.  Equal  gross  Richardson  nuaber--Ri  • 

(ATq/Tjj)  (Eo/IIo)*o‘*‘*^  ataosphcric  flow  is 
coaposed  of  two  layers  of  different  stratification, 
two  Richardson  nuabers,  say  Rij  and  Ri2,  arc 
required  to  specify  siailarity  requircaents. 
d.  Equal  Reynolds  nuaber--Re  = UnE  /v 


e. 

f. 


Equal  Rrandtl  nuaber--  = ''o/(^/PoSo^ 

Equal  Eckert  nuabor--Ec  * U''/(C  AT  ) 

o po  o 


The  possibility  of  aeeting  these  requircaents 
in  the  laboratory  and  approx iaat ions  introduced 
through  partial  fulfillaent  of  the  exact  siailarity 
requircaents  will  be  discussed  later. 

SIMILARITY  OF  BOUNDARY  AND  INITIAL  CONDITiONS- 
Thc  foregoing  requircaents  aust  be  suppleaented 
by  the  stipulation  that  the  surface  boundary 
conditions  and  the  approach  flow  characterist ids 
be  siailar  for  the  ataosphere  and  its  aodel. 
Siailarity  of  initial  conditions  (approach  flow 
characteristics)  pertaining  to  the  acan  and  turbul- 
ent velocities  is  often  referred  to  as  kineaatic 
siailarity  required  siailarity  of  the  following 
features: 

a.  surface-roughness  distribution; 

b.  aerodynaaic  effects  of  surface  roughness 
elcaents  corresponding  to  an  "acrodynaaical ly 
rough”  surface;  and 

c.  surfacc-teaperaturc  distribution. 

Siailarity  of  the  approach  flow  characteris- 
tics require  siailarity  of  the  following  elcaents; 

a.  distributions  of  aean  and  turbulent 
velocities; 

o.  distributions  of  acan  and  fluctuating 
teaperatures; 

c.  the  longitudinal  pressure  gradient  (should 
be  zero);  and 

d.  equality  of  the  ratio  H2/HJ  if  the  flow 
is  layered. 

If  all  the  foregoing  requircaents  were  act, 
all  scales  of  action  ranging  froa  aicro-  to  acso- 
scalo,  10'^  to  loll  a,  could  be  siaulatcd 
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Fig.  1 - Meteorological  Wind  Tunncl--Fluid  Dyiiaaics  and  Diffusion  Laboratory,  Colorado  State  University 
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simultaneously.  The  diffusion  process  could  then 
be  accurately  reproduced  over  horizontal  distances 
up  to  10®  m within  the  planetary  boundary  layer. 
However,  all  of  the  requirements  cannot  be  met  by 
existing  laboratory  facilities  and  partial  on 
approximate  simulation  must  be  used. 

LABORATORY  CAPABILITIES  FOR  PHYSICAL  MODELING 

The  range  of  capabilities  for  simulation  of 
the  atmospheric  boundary  layjr  ovei  « variety 
of  thermal  stratifications  is  closely  related  to 
characteristics  of  the  wind-tunnel  used.  Simula- 
tion capabilities  will  be  discussed  in  relation 
to  the  most  versatile  wind  tunnel  now  in  operation 
which  was  designed  for  this  purpose. 

WIND-TUNNEL  CHARACTERISTICS- PI  an  and  eleva- 
tion views  of  the  meteorological  wind  tunnel  are 
shown  in  Fig.  1.  Details  of  the  flow  facility 
are  presented  by  Cormak  (f)  and  Plate  and  Cermak 
(9).  The  gross  characteristics  of  this  wind 
tunnel  arc  as  follows; 

a.  air  speed  (ambient  in  test  section): 

0.1-30  m/s; 

b.  air  temperature  (ambient  in  tost  section): 
S-95°C: 

c.  turbulence  intensity  (ambient  in  test 
section):  0.054; 

d.  boundary  temperature  (test-section  floor): 
l-200'’C;  and 

0.  longitudinal  pressure  gradient;  adjust- 
able to  zero. 

The  raeusuromonts  of  lorie  and  Sandbom  (10) 
shown  in  Fig.  2 for  neutral  flow  over  a smooth 
boundary  reveal  that  the  vortical  distributions 
of  mean  velocity,  turbulence  intensities  and 
Reynolds  shear  stress  bocomo  similarity  distribu- 
tions for  downwind  distances  exceeding  about  10  m. 
This  condition  holds  when  the  boundary  conditions 
are  uniform  over  the  entire  test-section  length 
and  the  boundary- layer  thickness  6 is  used  to 
scale  vortical  distances  from  the  boundary. 
Accordingly,  the  turbulent  flow  properties  for 
the  lower  10-154  of  the  boundary  layer  exhibit 
near  homogeneity  in  planes  parallel  to  tha  lower 
boundary  for  downstream  distances  over  10  m.  The 
atmospheric  surface  layer  exhibits  o similar 
property  at  distances  sufficiently  far  downstream 
from  changes  in  surface  roughness  or  temperature. 
Boundary- layer  thickn.'.ssos  over  the  downstream  5 ro 
are  influenced  strongly  by  the  surface  roughness. 
For  an  ambient  wind  speed  of  10  ra/s  and  uniform 
roughness  over  the  entire  test-section  floor,  the 
following  boundary- layer  thicknesses  have  been 
measured  (11); 

Roughness  Height  (m)  Boundary-Layer  Thickness  (m) 

"Smooth"  0.70 

0.02  1.10 

0.02  1.32 


Fig.  2 - Mean-velocity  profile  parameters  for 
meteorological  wind  tunnel  (10). 

Characteristic  distributions  of  turbulent 
energy  with  wave  numbers  for  motion  in  the  wind- 
tunnel  boundary  layer  are  shown  in  Fig.  3.  When 
compared  with  the  atmospheric  data  using  Kolmogorov 
scaling,  excellent  similarity  is  found  to  exist 
down  to  a wave  number  determined  by  distance  above 
the  boundary,  roughness  height  and  wind-tunnel  size. 
Comparisons  of  other  flow  characteristics  such  as 
mean  velocity,  intensity  of  vertical  turbulent 
motion,  turbulent  energy  dissipation  rates  are 
given  in  references  (5),  (11)  and  (12). 


Fig.  3 - .Spectrum  of  longitudinal  component  of 
turbulence. 

Another  t)’pe  of  wind  funnel  capable  of  develop- 
ing a sat isfac;ory  boundary  layer  for  atmospheric 
simulation  is  shown  in  Fig.  4.  The  disadvantages 
of  the  open-circuit  wind  tunnel  is  that  thermal 
stratification  and  disturbance-free  flow  are  more 
difficult  to  obtain.  However,  a stable  thermal 
stratification  can  be  obtained  through  the  addition 
of  a dry-ice  layer  at  the  test-section  entrance. 
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Fig.  4 - linvironmonttti  Wind  Tunnol--Fiuid  Dynumics  and  Diffusion  Luborutory,  Colorado  State  University. 


ATTAINABILITY  OF  UXACT  SIMILARITY 
RliQUIRUMBNTS-Wind-tunnoI  flow  characteristics  and 
physical  size  are  such  that  most  of  the  require- 
ments for  similarity  with  the  atmosphere  only  cun 
bo  approximated  with  varying  degrees  of  accuracy. 
This  does  not  elirainuto  the  possibility  of  making 
useful  studios  of  diffusion  by  means  of  small-scale 
models  but  limits  the  range  of  length  scales  and 
thermal  conditions  for  which  the  studios  are 
feasible.  Bach  similarity  requirement  will  Lc 
examined  in  an  effort  to  determine  the  necessary 
approximations  imposed  by  the  physical  model  and 
the  resulting  limitations  imposed  upon  the  air- 
pollution  studios. 

Undistortod  Scaling  of  Geomotry-Solcctioii  of 
equal  length  scales  for  horizontal  and  voifical 
distances  results  in  an  undistortod  model.  Such 
a model  is  usually  used  unless  the  scale  is  so 
small  (loss  than  1:1000)  that  the  surface  with 
scaled  surface-roughness  elements  becomes  on 
aerodynamic  smooth  surface.  In  this  case,  a local 
distortion  through  increase  in  height  of  roughness 
elements  is  necessary  to  produce  an  aerodynamical ly 
rough  surface.  No  limitations  on  possible  air- 
pollution  studios  result  f.  ..'.i  this  requirement. 

Bqual  Rossby  Nurobor-The  ratio  of  model  and 

atmospheric  Rossby  numbers  is  U L /(U  L ) 

' om  oa  oa  om 

since  the  wind  tunnel  (unless  placed  upon  a rotat- 
ing platform)  has  the  same  angular  vclccity  as 
Barth.  Accordingly,  the  flow  effects  j.roduced  by 
rotation  of  Barth  is  not  reproduced  since  the 
Rossby-nuraber  ratio  will  be  in  the  range  10^ -lO'*. 
This  limits  the  simulation  to  atmospheric  flows 
not  affected  appreciably  by  rotation  of  Barth. 


Using  a Rossby  number  of  10  and  greater  to  express 
this  condition,  the  following  broad  guidelines  for 
atmospheric  flow  which  may  be  simulated  without 
largo  error  due  to  Rossby-numbor  inequality  are 
the  following: 


U 

1- 

Model  Scale 

(m/s) 

U]!i 

(approx,  minimum) 

> 0.1 

10^ 

1:100 

> 1.0 

10^ 

1:1,000 

>10.0 

10** 

1:10,000 

Bqual  Cross  Richardson  Numbcr-Bxact  similarity 
of  density  stratification  is  essential  for  realis- 
tic simulation  of  atmospheric  motion.  Bulk 
Richardson  numbers  over  a layer  0.10  m deep  can 
range  from  -0.5  to  0.5  in  the  meteorological  wind 
tunnel  to  cover  a wide  range  of  atmospheric 
conditions.  This  requirement  does  not  limit  to 
any  significant  extent  the  atmospheric  flows  which 
can  bo  simulated. 

Equal  Reynolds  Numbor-The  ratio  of  Reynolds 

number  for  the  wind-tunnel  model  and  the  atmospheric 

Reynolds  number  is  U L v /(U  L v ).  This 
' om  om  oa  ' oa  oa  ora 

ratio  varies  from  10"^  to  10"**  and  depends  primarily 
upon  the  model  scale.  Fortunately,  flow  character- 
istics over  rough  surfaces  become  independent  of 
Reynolds  number  for  Reynolds  numbers  larger  than  a 
value  which  depends  upon  the  roughness  of  the 
surface  (14).  Fig.  5 gives  the  minimum  roughness 
us  a function  of  the  approach- length  Reynolds 
number  for  Reynolds-number  independence 

of  the  drag  coefficient  in  thermally  neutral  flow. 
These  conditions  for  Reynolds-number  independence 
can  be  met  readily  for  neutral  and  unstable  flow. 
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Hie.  5 - Reynolds-niaibcr  i fiJop<indeiice  of  the 
surface  drag  cocfficienC  us  a function  of  rotative 
roughness  in  neutral  flow, 

liqual  Prandt  1 NuBber-Tht  requi resent  of  esfual 
Prandtl  niMbers  for  the  two  flows  is  set  exactly 
when  using  air  as  the  wind-tunnel  fluid.  Over  a 
tesperature  range  of  to  lOO'C  this  nuaber 

waries  only  fron  0.71'  to  0.70.  Accordingly,  this 
re<)uircsent  does  not  rei^trict  the  flows  which 
can  be  sisulated 

Equal  Ecfcert  Kuaber-Thc  Eckert  niaber  appears 
as  a product  with  the  reciprocal  of  Reynolds  nusber 
and  enters  into  sisilarity  roquiresents  only  for 
themally  stratified  flows.  Although  the  Eckert 
nuaber  cannot  be  sade  equal  for  the  two  flows,  the 
entire  dinensionless  coefficient  of  the  diseosion- 
less  dissipation  in  equation  |[3)'  say  be  nearly 
equal.  For  exaaple,  when  equality  <*f  RichardMn 
nusbers  is  achieved  (this  is  a prise  requi resent i , 
a length-scale  ratio  of^IO'’^  requires  that 
Of • 1®"*  and  * 10.  The 

ratio  of  dissipation  coefficient  for  nodel  and 
atsospfae're  has  (he'  form 

(\j  /«  )i  (C /C  For  the  osgni- 

OAI  O&i  OOi  Qtf  P04l  pMI 

tiadcs  listed,  the  ratio  becoses  l(l''''xl(li~^xl(]''^xi 
xl  • KSi.  ltd  cvidleiDce  exists  that  this  approx isa- 
ttiaai  to  exact  similarity  limits  the  atmospheric 
tniows  which  cam  be  sinuilated. 

Smrfface  BoMmUauy  Cowdlit  ioms-The  surface 
rmngjiroess  cemdlittlisms  are  met  by  scaling  roughness 
C'lcmenitts  by  the  saoje  length  scale  lascd  for 
meintinig  the  atiuasphcT'lc-  and  snail -scale  flow 
field  pnmvided  that  the'  lomdelcd  surface  will!  act 
£s  am  asTodynaiiuically  rouBh  surface.  Criteria  for 
muigh- surface  behavior  are  given  in  Fig.  S or  an 
altcimatiu'e  critcrimii,  ui^,.JV'v>  llWIi,  may  be'  used. 

When  the  scale  rediijctiaai  is  larger,  greater  than 
l::l(lina).  and  the'  surface^roughness  elcnents  are 


snail  (one  story  buildings,  trees,  etc.)  the  fore- 
going criterion  cannot  be  net  (IS).  The  rough- 
ness-element heights  in  such  cases  must  be 
exaggerated  to  regain  a rough  character.  By  add- 
ing to  the  scaled  roughness  height  an  amoiait  equal 
to  the  viscous-zone  thickness,  10v/u«,  a surface 
of  appropriate  roughness  can  be  obtained. 

Surface  temperature  distributions  may  be 
obtained  by  heating  and/or  cooling  elements  in  the 
surface  (8,  IS).  The  magnitude  of  the  surface 
tem|>eraturc  is  detemined  by  the  requirement  to 
satisfy  eqLtality  of  Richardson  nuabers  for  model 
and  atnospherc. 

Topographic  relief  is  usually  represented  by 
imdistorted  geometrical  scaling  of  the  full-scale 
features.  However,  when  a large  scale  reduction 
is  used,  exaggeration  of  the  vertical  scale  nay  be 
necessary  to  preserve  similarity  of  flow  over 
features  of  significant  height.  The  model  study 
reported  in  reference  (lb)  required  a horizontal 
scaling  of  1:14,000.  To  attain  a roughness 
Reynolds  number  of  1200  for  Reynolds  nuaber 
independence  for  flow  over  features  of  SOO  n 
elevation  difference  (an  approximate  average  for 
the  complex  motnitain  topography),  a vertical  scal- 
ing of  1:9600  was  used  to  give  an  approximate 
30\  increase  in  elevation  differences. 

Approach  Flow  Characteristics-By  using  the 
long  test -sect ion  wind  tunnel  shown  in  Fig.  1, 
the  vertical  distribution  of  mean  and  fluctuating 
velocities  and  temperatures  can  be  simulated  very 
well  over  a wide  range  of  scales  for  ground-based 
thermal  stratification  which  are  either  stable 
or  unstable  over  the  entire  boundary  layer  (S). 
Nhen  an  elevated  inversion  accompanijd  by  a mixing 
layer  must  be  simulated  in  a wind  ti.nnel  of  the 
type  shown  in  Fig.  4,  a layer  of  dry  ice  on  a 
portion  of  the  iqistream  test-section  floor 
(approximately  7 m)  can  be  used.  By  varying  the 
length  of  dry -ice  boundary,  the  downstream 
surface  heating  rate  and  the  flow  speed,  the 
desired  mixing- layer  depth  li,  can  be  obtained. 

A vertical  temperature  distribution  obtained  in 
this  manner  imiMdiately  upwind  of  the  model  of  the 
Yerba  Buena  Center,  San  Francisco,  shown  in  Fig. 

6 is  given  by  Fig.  / (1/). 

Approach-flow  characteristics  in  short  to 
nedium  length  test  sections  may  be  controlled  to 
varying  degrees  by  introduction  of  devict ; such 
as  jets,  vortex  generators,  grids,  rouglv  ess 
plates,  screens  and  beating  or  cooling  elcnents  at 
the  test -sect ion  entrance.  Although  these  devices 
nay  produce  reasonable  approach  flow  characteris- 
tics at  some  distance  dowmstream,  in  most  cases 
the  characterirtics  vary  significantly  with 
distance  along  the  test  section.  This  behavior 
reduces  the  usefulness  of  flows  shaped  ly  these 
techniques  for  simulatioa  of  diffusion  ia  the 
3tia>sp{ieric  botadary  layer.  A review  of  various 
amthods  cnplcyed  is  given  by  Temissen  (18). 

BELATIOUSHIP  OF  NOBEL  SCALE  TO  SCALES  OF 
ATMDSnsXlC  MOTION  SINUATEO^Emergy  spectra  for 
boeaMtauy- layer  turbnlence  (Fig.  3)  in  the 
netcoTnlogicai  wind  tumnel  cam  be  comgimred  with 
the  energy  spectrom  of  turbulence  im  the  atmo- 
spheric botndary  layer  given  by  Van  der  Hovan  (19) 
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File-  6 - Hotlel  of  Yerba  Buena  Center,  San 
Francisco  (1;;^4U  scale)  (17). 


Fl^.  7 - FU'Yate<l  inversion  forMcd  in  aind  tunnel 
by  upstrcaa  cooling  with  dry  ice  (\7). 

to  establish  the  scale  range  of  ataos^dter  ic  notions 
siaulatcd  under  neutral  and  near  neutral  therxaal 
conditions.  Fig.  A sunaarlzcs  the  siaulaced 
spectral  ranges  for  aodei  se.iles  ranging  froa 
10"'  to  10"'*  t iaes  the  prototype  lengths  when 
roughness  cle*ents  for  the  full-scale  surface 
nave  a height  h - 20  n.  The  wind-tunnel  wave 
niBiicrs  were  converted  to  frequc*ncics  for  a 6 m/s 
mean  wind  speed. 

When  the  length-scale  ratio  is  10"^  nearly 
all  of  the  scales  soullcr  than  the  central  spectral- 
gap  scale  are  reproduced.  Accordingly,  a 1:10,000 
scale  Biodcl  represents  an  opt  inua  scaling  for  air- 
pollution  studies.  Scales  down  to  1:10,000  can 
be  utilited  also  but  exaggeration  of  surface  rough- 
ness bccoacs  necessary  for  surface  roughness 
elcacnts  less  than  20  ■ in  height.  A scale  of 
1:10,000  would  be  used  when  non-uni foraity  of  acan 
velocity  resulting  froa  topographic  features  is 
an  caportant  part  of  the  dispersion  process.  At 
scales  near  1:100  siaulation  is  achieved  only 
diown  to  scales  associated  with  the  aaxiaiB 
turbulent  energy  resulting  froa  local  surface 


roughness.  When  local  diffusion  near  buildings 
and  bui Iding-pluBc  interactions  are  under  investi- 
gation, a Bodel  scale  of  approxiaatcly  1:10U 
siaulatcs  the  iaportant  scales  of  action. 

If  short-tcra  pollutant  concentrations,  say 
15-ainute  average,  for  a particular  acan  wind 
direction  and  speed  arc  desired,  a single  set  of 
tracer-gas  concentrations  can  provide  the 
necessary  inforaation.  However,  if  long-tura 
averages,  say  annual  averages,  arc  desired,  it  is 
necessary  to  include  the  effect  of  large-scale 
actions  not  siaulated  hy  the  aodel  (left  of  the 
spectral  gap)  hy  aaking  use  of  aeati-wind  data 
provided  by  the  U.S.  Heather  Service  at  a nearby 
established  station.  In  Fig.  8 wind  fluctuations 
at  freifucncies  less  than  the  central  spectral-gap 
frctjucncy  can  be  considered  as  changes  of  the  aeaii 
(i/2-l  hr  average)  wind.  TTic  acan-wind  data, 
obtained  over  a long  period  of  tiae,  can  he 
used  to  foraulate  a probability  density  distribu- 
tion for  direct  ion  and  speed  of  the  acan  winds. 

An  cxaaple  of  this  type  of  distribution  obtained 
by  Davenport  (20)  for  the  City  of  Toronto,  Canada, 
is  shown  in  Fig,  0.  This  information  coablned 
with  tlie  modeled  concentrations  determined  as  a 
function  of  mean  wind  speed  and  direction  enables 
long-time  averages  as  well  as  the  occurrence  rate 
fur  concentrations  of  a proscribed  level  to  be 
determined  with  all  scales  of  motion  accounted  fur 
(21). 

TTie  foregoing  discussion  pertains  to  flows  in 
which  the  primary  mode  of  dispersion  is  by  velocity 
fluctuations  over  a wide  range  of  frotjuencius-- 
turbuience.  However,  when  the  flow  is  near  ground 
level  and  the  topography  is  complex,  the  primary 
mode  of  disjHtrsion  may  be  advective  tranS|>ort  by  the 
mean  flow.  In  this  case,  the  dominant  scale  of 
motion  is  determined  by  the  topographic  geometry. 

FMVSICAL  MODEL  I. 'iC  OF  MASS  TRANSPORT 

Information  of  greatest  utility  in  air- 
[vollution  investigations  is  the  distribution  of 
pollutant  concentrations  downwind  of  a specific 
source  tor  a range  of  meteorological  conditions  of 
local  significance.  To  obtain  this  information 
in  the  laboratory  requires,  in  addition  to  construct- 
ion of  a topxigraphic  model  with  local  urban  features 
and  development  of  the  appropriate  approach  flow 
conditions;  installation  of  sources  for  a tracer 
gas,  sampling  of  gases  over  an  array  of  points, 
analysis  of  samples  for  tracer  gas  concentrations, 
and  measurcBCTit  of  the  wind  velocities  and  temper- 
ature dist  ribut  ion.  Th  techniques  and  instrumenta- 
tion in  the  wind  tunnel  will  be  described. 

EXPERIMENTAL  TEaffilQUES-Physical  modeling  of 
gas  transport  imposes  certain  similarity  require- 
ments for  the  source  fluid  as  well  as  those  requirt'd 
for  simulation  of  the  natural  wind.  One  of  the  two 
most  essential  similarity  parameters  is  the  ratio 
of  emission  spesed  for  the  source  gas  to  wind  spiked 
at  the  source  height  Vs/Uj.  The  other  essential 
parameter  has  the  form  of  a Froude  number  for  the 
cmitt«l  gas--Cj^Uj^/l' (p^-ej.)gDl . additional 

consideration  is  the  Reynolds  number  for  source- 
gas  flow  through  the  stack  or  duct  to  a vent . The 
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Fig.  8 - Range  of  simulated  scales  of  atmospheric  motion  compared  with  spectrum  of  Van  dcr  Hoven  (19) 
at  100  m. 


Fig,  9 - Probability  density  distribution  of  moan 
hourly  wind  speed  over  downtown  Toronto — Davenport 
(20). 

effective  Reynolds  number  for  this  internal  flow 
should  bo  made  as  near  the  prototype  value  as 
possible  by  roughening  the  internal  surface. 

The  approach  flow  is  ordinarily  adjusted  to 
produce  a turbulent  boundary  layer  equivalent  to 
a planetary  boundary  layer  at  least  400  ra  thick. 

In  the  meteorological  wind  tunnel  shown  in  Fig.  1, 
this  condition  is  usually  met  when  the  upstream 
roughness  is  simulated  over  a 20-25  m distance 
upwind  of  the  model.  In  this  facility  additional 
thickening  of  the  boundary  layer  is  ach’eved  by 
placing  an  exaggerated  roughness  over  t>ie  first  3 
or  4 'm  of  the  test-section  floor.  In  the  shorter 
environmental  wind  tunnel  (Fig.  4)  momentum  sinks 
and  vorticity  generators  arc  often  used  to  help 
thicken  the  boundary  layer.  The  arrangement  used 
to  achieve  the  desired  boundary- layer  thickness 
and  a comparison  with  the  prototype  wind  profile 
for  a 1:4000  scale  model  of  Fort  Wayne,  Indiana 
(see  Fig.  10),  is  shown  in  Fig.  11.  Vertical 
temperature  distributions  can  be  controlled  easily 


in  the  meteorological  wind  tunnel  by  adjusting  the 
cooling  or  heating  rate  of  the  test-section  floor, 
heating  (slightly)  the  downwind  portion  and  heat- 
ing the  ambient  air  stream  during  passage  through 
the  rutum  flow  section. 

When  nonuniform  surface  temperature  distribu- 
tion must  be  simulated  such  as  for  urban  heat- 
islands  a grid  of  nichrome  heating  wires  may  bo 
installed  in  streets  of  the  model.  In  this  manner 
the  temperature  distribution  for  Fort  Wayne, 

Indiana,  shown  in  Fig.  12,  was  obtained 

Once  the  model  is  in  place,  the  approach  flow 
is  adjusted  and  the  surface  boundary  condition  is 
established;  visual  examination  of  the  flow  is 
conducted  by  releasing  smoke  (usually  titanium 
dioxide)  from  source  locations  of  interest.  The 
smoke  motion  is  recorded  on  motion  picture  film  for 
early  communication  with  the  sponsor  and  for  use  in 
planning  the  program  of  concentration  measurements. 

INSTRUMENTATION  - Measuring  equipment  in 
addition  to  the  usual  hot-wire  anemometers,  pitot 
tubes,  pressure  transducers  and  thermocouples  or 
resistance  thermuineLers  is  required  for  air  pollution 
studies  in  the  laboratory.  The  specific  instrumenta- 
tion is  determined  in  large  measure  by  the  tracer 
used  to  determine  dispersion  characteristics.  A 
variety  of  tra  's  have  been  used  in  the  Fluid 
Dynamics  and  Ditfusion  Laboratory  at  Colorado  State 
University.  These  include  ammonia,  helium,  krypton- 
85,  and  hydrocarbons.  Concentration  measuring 
systems  for  the  last  two  tracers  will  be  described 
briefly. 

A typical  concentration  measuring  system  for 
the  krypton- 85  tracer  is  shown  in  Fig.  13.  The 
rtotered  source  gas  is  cooled  or  heated  to  arrive  in 
the  flow  at  the  temperature  and  density  of  the  local 
air  stream.  Sampling  is  accomplished  by  an  array 
of  probes  which  simultaneously  draw  up  to  twenty- 
five  samples.  Each  sample  is  collected  in  a glass 
jar  into  which  it  flows  as  water  is  displaced  from 
the  jar.  The  sample  is  then  transferred  to  a lead 
enclosed  chamber  containing  a stainless  steel 
jacketed  Gciger-Mueller  tube  (Tracerlab  TGC-308) . 
Radioactivity  levels  (tracer  concentrations)  are 
determined  by  reading  the  G-M  tube  output  on  a 
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10  - Mode!  of  I'ort  Wayne,  Indiana  (1:4000  scale)  (IS). 


Comparison  of  model  and  prototype  velocity  profiles  approaching  fort  Wayne,  Indiana  (17) 
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Chicii£0-Nuclear  Ultrascalor  (Model  192A) . Hfhon  a 
hydrocarbon  tracer  is  used  the  G-H  tube  is  replaced 
by  a liewlett-Packard  Model  57U-A  gas  chromatograph 
and  the  utlrascaler  is  replaced  by  a II- P Model 
24U1C  integrating  digital  voltmeter.  An  advantage 
of  the  hydrocarbon  system  is  that  four  different 
hydrocarbons  can  be  used  simultaneously  to  obtain 
concentrations  at  a point  from  each  of  four  sources 
with  one  sample.  This  system  is  excellent  for 
determination  of  mean  concentrations  for  steady 
sources;  however,  because  of  the  long  lines  and 
largo  volume  of  sample  gas  utilized  (at  least  12S 
cc)  unsteady  concentration  fields  cannot  bo 
measured  by  this  method. 

COMPAKISON  OF  UATA  I'ROM  FULL-SCALli  AND  PllYSICAL- 
NODBL  MBASURENIINI'S 

Comparison  of  concentration  data  moasui^d  in 
both  the  atmosphere  and  the  physical  model  provides 
the  only  method  for  determination  of  how  well  the 
physical  model  represents  the  real  atmosphere. 

The  inherent  difficulties  in  making  comparisons 
of  this  type  lead  to  acceptance  of  the  physical 
model  if  the  two  sets  of  concentrations  do  not 
differ  by  more  than  the  accuracy  required  for 
application  of  the  data.  Acquisition  of  a 
sufficient  amount  of  ■ctcorologlcal  and  concentra- 
tion data  for  a planned  confirmation  effort  has 
not  been  accomplished.  However,  some  model 
studios  of  diffusion  over  areas  where  a few  field 
mcasuroments  are  available  have  been  made.  These 
are  reviewed  briefly  in  the  following  paragraphs. 

Ilalitsky  (22)  has  conducted  a systematic  study 
to  confirm  scaling  criteria  for  diffusion  near  a 
building.  Concentration  mcasuroments  were  made 
on  an  isolated  sharji-edged  building  7.U  m high 
and  9.4  by  12.2  m in  i)lan  with  a source  at  the 
roof  center.  A 1 ; 3U0  scale  model  was  used  to 
determine  concentration  distributions  in  the 
laboratory.  Halitsky  concluded  that  tho  isoplcth 
patterns  over  the  building  surface  will  bo 
identical  if  geometric  similarity  and  dynamic 
similarity  for  the  effluent  and  approach  flow  are 
satisfied.  Mis  measuromonts  also  revealed  that  the 
Reynolds  number  for  the  bui'<’ii\g  shnulil  eireed 
lO'**  if  the  isopleths  are  to  be  independent  of 
this  parameter. 

liiffusion  in  the  atmospheric  surface  layer 
and  tho  inner  part  of  the  wind-tunnel  boundary 
layer  wore  compared  tiy  Cermak  (23)  using 
predictions  from  the  l.agrangian  similarity 
hypothesis  as  a common  reference.  The  rates  of 
decay  for  maximum  ground- level  concentrations  were 
in  excellent  agreement  when  distances  were  scaled 
by  the  roughness  length  Zg  as  predicted  by  the 
tlieory  for  neutral  flow.  In  tlicse  comparisons 
the  wind-tunnel  boundary  was  smooth  and  the  field 
surface  was  flat  grass  1 and- -the  roughness 
lengths  gave  a scale-length  ratio  of  about  10"^. 
When  the  surface  layer  is  thermally  stratified 
the  l.agrangian  similarity  theory  predicts  that 
the  rat'o  of  Zg  to  the  Monin-Obukhov  length 
-u2(T  '■gMo)  must  be  equal  for  the  model  and 
atmosph  . (a  condition  which  is  an  alternative 
expression  of  the  Ricliardson  riumlier  requirement), 
Chaudhry  (24)  compared  diffusion  in  a stably  strat- 
ified wind-tunnel  boundary  layer  witli  atmosphereic 


data  and  concluded  that  the  parameters  evaluated 
for  field  data  by  Klug  (2S)  hold  for  the  wind-tunnel 
data. 

Thu  study  of  diffusion  over  a 1:4000  scale 
model  of  Fort  Wayne,  Indiana,  (Fig.  10)  reported 
by  CSiaudhry  and  Cermak  (15)  provided  concentration 
data  for  comparison  with  data  from  the  field  study 
(26).  The  Vortical  scale  was  doubled  (1:2000)  (o 
retain  an  aerodynamical ly  rough  surface  and  the 
urban  heat  island  was  simulated  by  surface  heating 
as  shown  in  Fig.  12.  Zinc-sulfide  particles  were 
used  as  a tracer  in  tlio  field  and  krypton-8S  was 
used  as  the  laboratory  tracer.  The  difference  in 
aerodynamic  behavior  of  the  two  tracers  caused 
differences  in  the  diffusion  characteristics  over 
the  first  3,000  a downwind  of  the  elevated  line 
source.  However,  between  3,000  m to  12,000  m 
similar  diffusion  characteristics  were  found--tho 
decay  rate  for  ground-level  concentrations  was  in 
agreement  and  tho  growth  rate  for  plume  height  was 
equal.  When  the  surface-dosage  distributions  were 
averaged  for  tho  70  field  realizations  (Fig.  14), 
agreement  was  found  with  gross  features  of  the 
simulated  distributions  near  tho  central  part  of 
tho  city  shown  in  Fig  15. 

Comparison  of  concentrations  measured  over  a 
1:9600  scale  model  of  tho  Climax,  Colorado,  urea  in 
the  Rocky  Mountains  was  made  with  several  field 
measurements  at  tho  same  site  (27).  The  flow  was 
stably  stratified  to  simulate  winter  storms.  At  a 
distance  19.2  km  downstream  from  the  source,  the 
nondimcnsional  concentration  coefficient  xUg/Qg 
rangcil  from  15x10"^  to  18x10"^  for  the  model  and 
from  ixlo*’  to  68x10'^  for  field  values  at  contig- 
uous |K>ints.  The  close  agrcoment  of  these  data 
give  strong  support  for  atmospheric  simulation  on 
this  scale. 

liXAMI’Ll;  M'l’LICATIONS  OF  I’HYSICAL  MOUliUlNG 

Physical  modeling  of  natural  wind  and  wind 
effects  is  used  extensively  to  obtain  data  for 
both  specific  applications  and  systemmatic  para- 
meter investigations.  The  most  common  and  generally 
accepted  usage  is  in  determination  of  wind  forces 
on  structures  luid  concenlrutions  of  gaseous  muteiiuls 
released  into  the  atmosphere  (6,  28).  Several 
examples  follow  to  illustrate  applications  to 
investigation  of  air-pollutant  dispersion. 

blSI’i-RSION  IN  IdlCAl.ITY  OF  I’ROI'O.Sbl)  URBAN 
1)|;VUU)I’MUNT-Fark ing  garages  in  urban  centers  result 
in  largo  sources  of  carbon  monoxide,  nitrogen  oxides 
and  hydrocarbons,  Concentrations  resulting  from 
the  underground  parking  garage  for  the  proposed 
Yerbu  Buena  Uenter  beneath  the  low  building  (center 
foreground)  of  Fig.  7 wore  determined  by  physical 
modeling  (17).  In  this  development  the  garage 
ventilation  system  will  discharge  gases  into  the 
atmosphere  through  eight  stacks  located  in  the 
arena  and  central  plazas.  Based  upon  aesthetic 
considerations,  the  best-stack  criterion  for  a 
specific  power  usage  by  the  venti'ation  system  is 
the  sliortest  stack  possible  that  will  not  result  in 
unacceptable  environmental  impact  for  the  center. 

Fig.  16  and  17  give  typical  concentration  distrilni- 
tions  for  emissions  from  two  stacks  in  a west  wind. 
Similar  sets  of  data  for  a variety  of  wind  direction 
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IHg.  14  - Average  surface  dosage  observed  over 
Fort  Wayne,  Indiana- -average  of  70  realizations 
(26). 
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•U».  15  - Surface  dosage  pattern  observed  over 
1:401)0  scale  model  of  I-ort  Wayne,  Indiana. 
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Fig.  16  - Concentration  coefficients  for  dispersion 
of  underground  parking  garage  exhausts  by  two  short 
(4.6  m)  stacks  in  Yerta  Buena  Center  Center  (1:240 
scale  model)  for  west  wind. 
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Fig.  17  - Concentration  coefficient  for  dispersion 
of  underground  par'  ig  garage  e.xliausts  by  two 
extended  (19.5  in  cks  in  Yerba  Buena  Center 
(1:240  scale  modi ■ j lor  a west  wind. 

and  stack  heights  provided  adoc.uate  i n '‘oriiiat ion  to 
complete  an  environmental  i'.pact  statement  and 
reach  an  decision  on  the  stack  height. 

HFFFCT  OF  GFOMliTUY  ON  DISFI-RSION  IN  AN 
IDHAbIZrd)  Cri'Y-An  idealized  city  composed  of  uniform 
blocks  shown  in  Fig.  18  was  used  to  obtain  a sot 
of  reference  dispersion  data  for  exhaust  gases 
emitted  by  two  lanes  of  traffic  (29,  30,  .31).  The 
model  consisted  of  uniform  blocks  0.2  m square  by 
0.05  in  high  separated  by  straight  streets  0.0008  in 
wide.  Blocks  covered  the  wind-tunnel  floor  for  a 
distance  of  9.5  iii  in.  the  flow  direction  over  tlie 
3.7  ni  width  of  the  tost  section.  Geometrical 
modifications  to  blocks  surrounding  the  line 
sources  are  defined  by  Fig.  19. 
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Fig.  18  - Model  of  idealized  city  in  environmental 
wind  tunnel  (Fig.  4} --approximately  1:400  scale. 


□ □□  □□ 
□ 0 □ □ □ 


0*  WIND 

line  SOURCE  PERPENDICULAR 
TO  U, 

0, 


i Nt  SOURCE 

parallel  ^0 


SOURCE 


□ □ □ C3  □, 

□ □ □ □ □! 


BLOCK  CONFlGUffATIQN  PATTERNS 
NO  HiOLkS  MOOif-if 0 

lu  N ' 

A Rl  OLKS  ly  MUD«E  U U 

B 

• (> 


OO0»r 

I 

02»t> 


BLOCK  MOOIFICaTIQNS 


SI'.'C  V £W 


MOQif  iCA^ifJN 
: E SiGNAT'ON 


-.INMODI^  lED  ( Ut**! 


t 


} 


T.tl-  .if  * 


h 

h • 0 UVr  ( ' 


i he  mean  concentrations  may  be  averaged  over 
a surface  to  obtain  a relative  measure  for  compar- 
ing overall  dispersion  efficiency  in  the  street 
canyon  for  different  configurations  of  wind 
direction  and  block  geometry.  A listing  of  this 
type  of  coefficient  C is  given  in  Table  1 for 
the  upwind  and  downwind  faces  of  the  canyon.  The 
trends  are  not  simple.  A uniform  array  of  solid 
blocks  (UN  - UM)  is  least  efficient  and  the 
arrangement  A- 1 the  most  efficient  for  most  cases. 
Since  configuration  A-1  constitutes  the  least 
modification  of  the  uniform  block  array,  these 
results  indicate  isolated  higher  building  eleients 
effectively  reduced  exhaust  concentration  in  city 
streets.  If  the  higher  building  elements  become 
more  densely  packed  such  as  for  configuration  C-Jl 
the  average  concentrations  tend  to  rise. 

Average  mean-concentrations  were  also  determined 
on  streets  for  a range  of  downwind  distance  x 
from  the  source  for  urban  configurations  shown  by 
Table  2.  Table  2 gives  some  of  these  values  for  the 
0°  wind.  The  value  of  C is  proportional  to 
for  the  uniform  block  array.  The  decay  rate  is 
approximately  for  a 90“  wind  and 

for  a 45“  wind.  Accordingly,  wind  direction  is  a 
strong  factor  in  the  determination  of  dispersion 
rates  for  street-level  sources. 

Data  sets  corresponding  to  systematic 
configuration  variations  indicated  in  Fig.  19  for 
a "one-block"  source  can  be  used  to  predict  concen- 
trations for  all  blocks  involved  in  the  proposed 
traffic  plan. 


TobU*  1 Average  Mean-(!onccnt  rat  ion  Coefficients, 
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1-ig.  VJ  - City  block  ;'.‘omc'try  and  test  configura- 
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Table  2.  Average  Mean^Concentrat ion  Coefficients  C at 
Street  Level  for  Streets  IkMmwind  froa  Source 
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DISPERSION  OVE'*.  A COMPLEX  TERRAIN-Nuaerous 
investigations  of  the  ataospheric  boundary- layer 
dispersion  characteristics  for  coaplex  surface 
geoaetries  have  been  conducted  at  the  Colorado 
State  University  Fluid  Dynaaics  and  Diffusion 
Laboratory  (32,  33,  34).  The  application  of 
the  wind-tunnel  investigations  has  ranged  from 
planning  orographic  cloud-seeding  strategics  (27, 

35)  to  urban  air-pollution  assessaent  (29).  How- 
ever, aost  applications  have  involved  dctcraination 
of  concentrations  resulting  froa  power-plant 
eaissions  (36-39).  An  exaaple  of  such  an  investi- 
gation is  provided  by  a study  in  the  environaental 
wind  tunnel  (Fig.  4)  of  H2S  disjrersion  froa  cool- 
ing towers  positioned  in  an  area  of  the  The  Geysers 
geothermal  area  about  130  ka  north  of  San  Francisco, 
shown  in  Fig.  20.  Due  to  complexity  of  the  terrain, 
standard  diffusion  estimates  are  of  uncertain 
accuracy;  hence,  physical  modeling  was  undertaken 
to  evaluate  the  environmental  impact  under  neutral 
stratification  on  surrounding  populated  areas. 


fig.  20  - Model  of  the  Geyser  field,  Northern 
California,  in  environmenl al  wind  tunnel,  fODl., 
1 : 1920  scale. 


A total  of  nine  existing  or  potential 
geothermal  power-plant  sites  were  tested  over  a 
range  of  wind  directions  and  speeds  (.3-13  m/s), 
fig.  21  reveals  the  effect  of  wind  speed  on  ground- 
level  concent r.at  ions  for  a particular  plant  site, 
wind  direction  and  plant  operating  level. 


fig.  21  - Isojilcths  |x  10-’)  of  nondimens iona  1 
concentration  coefficient  C for  .Site  3,  a 230° 
wind  direction  and  wind  speeds  of  (a)  4 . .S  and  (h) 

11.6  m/s , 

SUfWARY 

Motion  in  the  atmospheric  boundary  layer  can 
be  simulated  with  such  accuracy  by  meteorological 
wind  tunnels  that  physical  modeling  of  air-pollutant 
dispersion  can  he  used  to  obtain  reliable  predictions 
of  pollutant  concentrations.  In  particular,  when 
local  boundary  geometry  is  complicated  by  groups  of 
buildings  or  complex  topography,  physical  modeling 
becomes  an  indcspcnsablc  tool  for  predicting 
dispersion  over  short  distances.  Satisfactory 
agreement  between  characteristics  in  the  simulated 
and  real  atmosphere  has  been  found  whenever  field 
data  have  been  available  for  making  comparisons. 
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NOMIiNC;LATURi; 

= u mean  concentration  coefficient 

* space  averaged  mean  concentration 
coefficient 

C„  ■ specific  heat  at  constant  pressure, 

^ l-Vt^T 

f(Ki  “ energy  spectrum  of  iongitudlnai 

fluctuations,  L 

g = gravitational  acceleration,  L/t** 

h « roughness-element  height,  I. 

ill  = height  of  inversion,  I, 

k • thermal  conductivity  of  fluid, 

ML/t^T 

kc  • diffusivity  of  contaminant  in  air, 

L^t 

K|,)  • eddy  diffusivity  for  momentum,  L^/t 

kg  > equivalent  sand  roughness,  I. 

L = reference  length,  L 

n = frequency,  f* 

P = deviation  of  mean  pressure  from  static 

reference,  ML/t^ 

qo  ’ surface  heat  flux,  M/t^ 

Q • source  strength,  M/t 

•‘’uO')  * energy  spectrum  of  longitudinal 

Velocity  fluctuations,  L/t 

t t ime , t 

T = instantaneous  temperature,  T 

Tj,,  = moan  temperature  at  z • 0,  T 

AT  =>  T - f „ , T 

(6T)o  . To  - T^,  , T 

Ui  = ith  component  of  instantaneous 

velocity,  L/t 

Ui  = ith  component  of  mean  velocity,  L/t 

Vg  • exit  speed  of  source  gas,  i./t 

W = vertical  velocity  fluctuation,  L/t 

Xj  = ith  space  coordinate,  1, 

1 = vertical  coordinate,  I, 

Zq  = roughness  length,  L 

'»  = wind  azimuth 

6 • boundary- layer  thickness,  L 

Aj  = thermal  boundary- layer  thickness,  I, 

6ij  » Kronecker  delta 

E « energy  dissipation  rate  per  unit  of 

mass,  L^/t^ 

Ejjg  ■ permutation  tensor 

p = mass  density,  M/L^ 

V = kinematic  viscosity,  L^/t 

Tq  = surface  shear  stress,  ML/t^ 

= dissipation  function,  M/Lt’ 


X = mean  concentration,  M/L’ 

w = angular  velocity,  f' 

Subscri  pts ; 

( )o  « reference  quantity 

t )s  = quantity  at  source 

Superscripts ; 

( 1*  = nondimensional  quantity 
» time  average 

( )'  = instantaneous  fluctuation  from  time 
average 

Dimensions ; 

1.  --  length 

M --  mass 

t --  time 

T --  temperature 
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DISCUSSION 

PASQUILL:  You  remember  this  morning  we  were  talking 
about  the  Deardorff  similarity  and  Its  possible 
applicability  In  the  wind  conditions  of  the  atmos- 
phere. 1 am  talking  of  his  laboratory  similarity 
model  Do  you  see  any  prospects  of  being  able  to 
L test  the  applicability  of  that  sort  of  modeling 

I which  is  In  his  case  verified  from  a still  tank? 

I Do  you  see  any  prospects  of  testing  the  appllcabl- 

' llty  of  that  In  a flow  as  you  have  In  your  wind  tunnel 

I with  the  unstably  stratified  conditions? 

I CERMAK:  What  tank  was  that  again? 

1 

PASQUILL;  Doardorff's  was  a water  tank  with  the 
surface  heated.  One  of  the  problems  Is  whut  Is 
the  range  of  applicability  In  the  atmosphere,  up 
• to  what  wind  speed  will  those  same  laws  apply  In 

' the  boundary  layer  of  the  atmosphere? 

I 

CERMAK:  Well,  the  last  part  of  your  question,  I 
think,  Is  extremely  Important  and  1 recall  that 
some  of  the  work  that  Dr.  Townsend  did  on  unstably 
stratified  flows.  In  very  weak  convective  systems, 
showed  that  very  weak  convection  really  organizes 
the  flow  very  much  and  changes  the  pattern  of  the 
flow.  1 think  that  a small  wind  field  convection 
will  change  considerably  the  kind  of  results  that 
Jim  Deardor ff  got  In  his  channel  without  any  forced 
convection  at  all.  This  Is  work  that  needs  to  be 
continued.  There  Is  evidence  already  on  the  re- 
cord from  Townsend's  work  that  there  Is  quite  a 
I gross  change  In  the  flow  characteristics,  when  you 

I Just  put  a weak  shear  on  It. 

Furthermore  In  our  laboratory  we  are  now  looking 
at  the  case  of  drainage  flows  that  are  created  by 
just  cooling  a surface  without  any  forced  convec- 
tion on  It.  This  Is  a frontier  area,  too,  that 
needs  to  be  developed  by  further  research.  In  order 
to  complete  the  spectrum  of  what  needs  to  be  looked 
at  from  the  standpoint  of  the  atmosphere. 
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AliSTRj\CT 

A modeling  analynls  of  the  Impact  of  general 
aviation  aircraft  on  ambient  carbon  monoxide  (CO) 
cnnceiUrationH  was  conducted,  using  El’A's  I’Al. 

(Point -Area-Line)  disperaion  model.  The  anatvais 
(ocuaes  on  single  and  twin  platon-eng Ine  aircraft 
at  Van  Nuya  airport  In  California — the  buaieat 
general  aviation  airport  In  the  ll.  .S , Kmtaaiona 
are  estimated  from  AP-A2  (or  varioua  aircraft 
engine  types  and  characterlat ic  emiaalon  factors, 
modea  of  operation,  and  aircraft  traffic  Uenalty. 
Sources  modeled  Included  taxlwaya,  taxiway  qiieuea, 
runways,  apprisach  and  climbuut  paths  to  VUU  meters 
above  ground  level,  aircraft  parking  area,  and 
engine  run-up  areas.  The  meteorological  input  is 
chosen  to  represent  realistic  worst  case  (high  CO 
Impact)  conditions  occurring  at  the  airport. 

Results  Indicate  violations  of  tlie  1 and  B-iiour 
National  Ambient  Air  Quality  Standards  fur  CO  at 
receptor  locations  within  100  meters  of  some  of  the 
emission  sources.  Concentrations  decrease  rapidly 
with  downwind  distance,  so  that  maximum  CO  impacts 
beyond  about  200  meters  .are  well  below  the  air 
quality  standards. 


A lUSPERSION  MOIIKI.INC  ANALYSI.S  was  conducted  to 
estimate  the  Impact  of  general  aviation  aircraft 
on  ambient  CO  concentiatlons.  The  analysis  focuses 
on  Van  Nuys  Airport  In  California,  which  is  the 
busiest  general  aviation  airport  in  the  11.  S.  The 
scope  of  the  analysis  Is  confined  to  single  and 
twin  piston-engine  aircraft,  accounting  for  93 
percent  of  aircraft  operations  at  tlie  airport. 

Other  CO  sources  and  background  concentrations  are 
not  taken  Into  account.  Concentration  estimates 
are  made  near  tlie  runways  and  aircraft  parking 
lots  and  out  to  the  point  where  CO  coqcentrutlons 
are  less  tlian  approximately  2-3  mg.fra' . 

MODEL  APPLlCAflON 

The  PAL  (Polnt-Area-Llne  Source)  dispersion 
model  (1)*  Is  used  to  estimate  tlie  CO  concentra- 
tions. The  model  is  a method  of  estimating  short 
term  dispersion  using  Gaussian-plume  steady-state 
assumptions  for  any  concentration  averaging  time 
from  1 to  24  hours.  Calculations  are  performed  for 
each  hour.  Hourly  meteorological  Input  Including 
wind  speed,  wind  direction,  stability  class. 


and  mixing  lieiglit  Is  specified.  Tlie  model  liandles 
emissions  from  a limited  number  of  point,  area  and 
line  Bounc's  (up  to  30  of  each  type). 

In  tills  study,  estimated  aircraft  emissions 
data  are  based  upon  characteristic  alrcroft  engine 
emission  factors,  modes  of  operation,  and  aircraft 
traffic  density.  Traffic  densities  arc  based  upon 
tiourly  tabulations  of  traffic  during  a full  montli 
of  busy  operation  at  Van  Nuys.  Heaviest  ulrcral t 
truffle  occurs  from  about  9:00  A.M.  until  sunset; 
hence,  emissions  and  meteorological  data  from  tliat 
lime  of  day  uro  used  in  the  model  to  estimate 
maximum  ambient  concentrations.  Kmlssiuns  esLlraates 
are  discussed  furtliur  under  Source  Data. 

(liven  the  fact  tliat  most  of  the  00  emissions 
attributed  to  aircraft  arc  near  ground-level,  tlie 
lilgliest  ambient  ground-levi'l  concentrations  are 
expected  to  occur  during  stalile  almosplicric  condi- 
tion with  low  wind  speeds.  Tliree  years  of  liourly 
meteorological  data  from  a nearby  station  (at 
Burbank)  sliow  tliat  stable  conditions  are  u common 
occurrence  at  Van  Nuys.  However,  during  tlie  lieuvy 
aircraft  traffic  period,  stable  conditions  occur 
only  in  the  hour  Immediately  preceding  sunset. 

Thus,  stable  atmospheric  conditions  (Pasquill 
Stability  E)  and  a wind  spued  of  2 mps  Is  assumed 
as  tlie  Worst  case  meteorological  condition  In  the 
computation  of  maximum  1-liour  concentrations. 

3'hese  conditions  are  not  appropriate  for 
making  B-hour  estimates,  however.  To  estimate  the 
hlgliest  8-hour  concentrations,  wind  direction 
persistence  becomes  a crltlc'ul  factor.  Analysis  of 
the  Burbank  meteorological  data  Indicates  that  the 
hlgheet  eight-hour  concentrations  probably  occur 
when  (1)  the  wind  direction  Is  constant  during  the 
last  four  hours  of  the  busy  traffic  period, 

(2)  atmospheric  conditions  are  stable  during  the 
last  hour,  and  (3)  wind  speeds  are  somewhat  higher 
than  In  the  case  of  maximum  l-hour  concentrations. 
Based  on  tliat  analysis,  the  following  Is  assumed  In 
estimating  the  highest  8-hour  concentrations: 

- 4 liours  of  zero  CO  Impact  (due  to  variable 
winds  and  vigorous  mixing  which  leads  to 
good  dispersion); 

- 3 liours  of  D (neutral)  stability  and  a 
wind  speed  of  4 mps; 

- 1 hour  of  E stability  and  a wind  speed  of 
3 mps . 


*NuDbers  In  parenthesis  designate  References  at  end 
of  paper. 
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Geimnil  aviation  ulrcral’t  ut  Van  Nuyu  Airport 
are  generally  characterized  by  single  or  twin 
piston  engines.  In  order  to  make  reasonable  esti- 
mates of  the  emissions,  several  alternative  engines 
used  In  the  aircraft  classifications  must  be  con- 
sidered. To  estimate  the  distribution  of  engines 
used,  tlic  national  mix  of  single  and  twin  engine 
types  Is  assumed  for  this  analysis.  Using  this 
distribution  as  the  weighting  factor  and  recent 
emission  factors  which  will  supplement  AP-42, 

(2),  (3),  two  composite  emission  factors  for  single 
engine  and  twin  engine  general  aviation  aircraft 
are  derived.  These  composite  emission  factors  are 
further  differentiated  according  to  mode  of  oper- 
ation and  source  types  as  discussed  In  the  follow- 
ing sections. 

Because  aircraft  emissions  at  an  airport  can 
be  attributed  to  several  travel  modes,  and  because 
the  PAL  model  can  distinguish  between  several  kinds 
of  sources,  up  to  30  of  eacti  per  run,  the  CO  emis- 
sions from  general  aviation  ^'rcraft  at  Van  Nuys 
are  modeled  by  allocating  them  over  several  repre- 
sentative sources.  These  sources  Include: 

Stralght-llne  Sources — 

Taxlwsys 
Taxiway  Queues 

Runways  (Takeoff  and  Rollout) 

Approach  and  Climbout  Paths 

Area  Sources— 

Aircraft  Parking  Areas 
Run-up  Areas* 

The  distribution  of  assumed  ground-level 
sources  is  indicated  in  Figure  1,  The  assumed 
approach  and  climbout  paths  are  shown  in  Figure  2. 
Runway  lengths,  rollout,  takeoff,  climbout  and 
approach  lengths  are  representative  of  typical 
landing  and  takeoff  cycles  for  single  and  twin 
engine  alrcraft(4).  The  900  m ceiling  represents 
the  approximate  height  above  which  CO  emissions 
from  the  aircraft  have  insignificant  Impact  on  the 
ground  level  receptors,  Thu  estimated  travel 
distances  are  used  with  the  average  aircraft  speeds 
In  each  mode  to  estimate  the  time  spent  in  each 
mode . 

The  assumed  distribution  of  taxiways  is  a 
simplification  of  the  taxiway  network  at  Van  Nuys 
Airport.  Only  the  taxiways  with  the  most  frequent 
use  are  accounted  for.  Although  the  taxiway  queues 
are  always  assumed  to  terminate  at  the  end  (North 
coordina.'!)  of  the  respective  taxiway,  the  length 
of  these  queues  varies  as  a function  of  traffic 
density  (aircraft  operations  per  hour).  Thus, 
taxiway  queues  are  not  shown  in  Figure  1,  Parking 
lot  emission  rates  are  assumed  to  be  primarily  a 
function  of  the  size  of  the  parking  lots  and  thus 
aircraft  are  prorated  accordingly  to  each  parking 
area.  The  run-up  areas  are  approximated  by  very 
small  area  sources  to  empliaslze  their  polnt-llke 
nature.  Emissions  are  estimated  by  assuming  the 
emissions  that  occur  at  takeoff,  which  is  a similar 

*Run-up  areas,  located  near  one  end  of  each  runway, 
are  for  the  purpose  of  engine  run-up  prior  to 
takeoff . 


Fig.  1 - Plan  view  of  the  assumed  distribution  of 
ground-level  sources  at  Van  Nuys  Airport 


full  thrust  situation. 

The  estimated  emissions  from  each  of  the 
above-mentioned  sources  are  a function  of  (1)  air- 
craft engine  emission  factors,  (2)  weighting  fac- 
tors based  upon  the  distribution  of  various  air- 
craft types,  (3)  modes  of  operation,  (4)  time  (or 
distance  travelled)  by  aircraft  in  each  mode,  and 
(5)  aircraft  traffic  densities.  The  noncontinuous 
nature  of  the  emissions  from  each  source  Is  treated 
by  averaging  the  emissions  per  aircraft  over  the 
desired  time  frame  (averaging  time  of  the  estimated 
concentrations).  The  total  hourly  emissions  are 
determined  by  combining  the  composite  emission 
factors  discussed  above  with  the  traffic  density 
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Fig.  2 Diagraa  of  assumed  approach,  landing,  takeoff,  and  cllmbout  profiles  for  single  and  twin  engine 
aircraft 


per  hour  to  generate  emissions  estimates  per  mode 
per  .source.  For  computation  purposes  and  to  char- 
acter.'ze  average  worst  case  traffic  at  Van  Nuys, 
the  number  of  landing  and  take-off  operations  Is 
assumed  equal  during  any  given  hour  of  analysis. 

Given  the  above  assumptions  and  calculation 
procedrres,  two  variatlors  of  the  emission  config- 
uration are  studied  for  the  one-hour  estimates*  In 
the  first,  all  aircraft  use  the  main  runway  at  Van 
Nuy«.  The  second  configuration  assumes  that  35 
percent  of  the  single  engine  aircraft  use  a second 
runway  and  taxiway,  parallel  to  the  main  runway. 

No  taxi  queue  Is  modeled  on  Runway  2 since  aircraft 
are  assumed  to  have  Immediate  runway  access. 

Tables  1 and  2 present  the  estimated  emission  rates 
for  these  respective  source  configurations.  The 
emissions  are  categorized  with  respect  to  the 
Individual  sources  and  types  of  aircraft.  Traffic 
densities  are  presented  In  terms  of  landlng-takeof f 
cycles  (LTO's).  The  assumed  number  of  LTO's  per 
hour  (93)  represents  the  mean  plus  one  standard 
deviation  of  hourly  traffic  density  experienced  at 
Van  Nuys  during  the  heavy  traffic  time  of  day  (9  AM 
until  sunset)  during  August,  1976.  This  traffic 
density  Is  considered  a reasonable  case  for  analysis 
In  chat  It  reflects  conditions  similar  to  those 
occurring  at  Van  Nuys  on  a high  density  traffic 
day.  For  the  S-hour  estimates  only  the  first 
configuration  using  Runway  1 Is  aiuilyzed. 


Table  1 - Emission  Rates  Assumed  in  the  Van  Nuys 
Analysis,  Assuming  93  LTO's  Per  Hour  and  Only  One 
Runway  In  Use 


Mode  of  Operation  Emission  Rates 


Approach 

Landing 

Takeoff 

Cllmbout 


Approach 

Landing 

Takeoff 

Cllmbout 


Single  Engine  Aircraft 
(65Z  of  LTO's) 

5.1  gm/veh/sec 

0.00081  gm/m/sec 

0.0092  gm/m/sec 

8.5  gm/veh/sec 


Twin  Engine  Aircraft 
(28Z  of  LTO's) 


16. 

0.00061 

0.21 

31. 


gm/veh/sec 

gm/m/sec 

gm/m/sec 

gm/veh/sec 


Single 

Taxiway 
Taxiway  Queue 
Run-up  Area 
Parking  Area  #1 
Parking  Area  #2 
Parking  Area  #3 
Parking  Area  H 


and  Twin  Composite  Emission 
(93Z  of  LTO's)* 


.0047 

gm/m/sec 

.092 

gm/m^sec 

.00069 

gm/m^/sec 

.00017 

gm/mj/sec 

.00017 

gm/mj/sec 

.00017 

gm/m^/sec 

.00020 

gm/m  /sec 

*The  remaining  7Z  of  aircraft  operations  at  Van 
Nuys  are  not  considered  In  tills  analysis. 
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Table  2 - Emission  Rates  Assumed  in  the  Van  Nuys  Analysis 
(assuming  93  LTO's  Per  Hour  and  Both  Runways  in  Use) 


Mode  of  Operation  Emission  Rates 


Mode  of  Operation  Emission  Rates 


Approach 

Landing 

Takeoff 

Climbout 


Single  Engine  Aircraft 
(A27.  of  LTO's);  Runway  1 

5.1  gm/veh/sec 

0.00053  gra/ra/sec 

0.0060  gm/veh/sec 

8.5  gm/veh/sec 


Taxiway 
Taxiway  Queue 
Run-up  Area 


Single  and  Twin  Engine 
Composite  Emissions 
(70%  of  LTO's);  Runway  1 

0.0036  gm/m/sec 

0.072  gm/m/sec 

0.00053  gm/m  /sec 


Approach 

Landing 

Takeoff 

Climbouc 


Single  Engine  Aircraft 
(23%  of  LTO's);  Runway  2 

5.1  gm/veh/sec 

0.00028  gm/m/sec 

0.0032  gm/m/sec 

8.5  gm/veh/sec 


Taxiway 
Taxiway  Queue 
Run-up  Area 


Single  Engine  Emissions 
(23%  of  LTO's);  Runway  2 

0.0011  gm/m/sec 

(none)  2 

0.0016  gm/m  /sec 


Approach 

Landing 

Takeoff 

Climbout 


Twin  Engine  Aircraft 
(28%  of  LTO's);  Runway  1 


16. 

0.00061 

0.021 

31. 


gm/veh/sec 
gm/m/ sec 
gm/m/ sec 
gm/ veh/sec 


Parking  Area  111 
Parking  Area  112 
Parking  Area  #3 
Parking  Area  #4 


Parking  Areas 
Single  and  Twin  Engine 
Composite  Emissions 
(93%  of  LTO's)* 

0.00017  gm/m? /sec 

0.00017  gm/m-/sec 

0.00017  gm/m-/  sec 

0.00020  gm/m  /sec 


*The  remaining  7%  of  aircraft  operations  at  Van  Nuys  are  not  considered  in  this  analysis. 


RESULTS  AND  SUMMARY 

The  highest  estiomted  1-hour  isipact  of  general 
aviation  aircraft  on  CO  concentrations  at  Van  Nuys 
Airport^in  this  anlysls  is  84  mg/m  , about  twice  the 
40  mg/m^j  NAAQS.  The  hlghes^  estimated  B-hour  impact  is 
20  mg/m  , twice  the  10  mg/m  NAAQS.  These  high  concen- 
trations, however,  are  confined  to  CO  hotspots  near 
taxiway  queues  and  run-up  areas  that  are  well  within  the 
airport  boundaries.  A few  hundred  meters  downwind  of  the 
hotspotc,  maximum  impacts  are  only  small  fractions  of  the 
standards. 

Tables  3-5  present  the  highest  estimated  CO  concen- 
trations and  the  variation  of  concentration  with  downwind 
distance.  In  all  cases  traffic  voliune  of  93  LTO's  per 
hour  is  assumed. 

Table  3 presents  the  maximum  estimated  1-hour 
concentrations  when  all  traffic  uses  the  main  runway 
(runway  1).  In  this  case,  stable  atmospheric  conditions 
(Pasqulll  Stability  F.)  and  a wind  speed  cf  2 mps  is  used 
as  meteorological  input  to  the  PAL  model. 


Table  3 - Maximum  l-Hour  CO  Concentrations* 
versus  Downwind  Distance  (assuming  that  all  aircraft  use  Runway  1) 


Nearest  Upwind  Source 

0.0 

Downwind 
0«07  0.1 

Distance  from 
0.27  0.3 

point 

0.6 

of  Maximum 
0.8  1.2 

Concentration 

2 3 5 

_7 

Taxiway  1 

78 

— 

31 

— 

12 

— 

4 

3 

2 

2 

1 

1 

P.un-up  Area 

84 

19 

— 

7 

— 

— 

3 

2 

2 

2 

1 

1 

Runway  1 

31 

18 

— 

8 

— 

— 

3 

2 

2 

2 

1 

1 

Area  1 

10 

— 

7 

— 

— 

4 

— 

4 

3 

2 

1 

1 

Area  2 

7 

— 

4 

— 

— 

2 

~ 

2 

1 

1 

1 

1 

Each  dash  ( — ) indicates 

that  no  concentration 

was  estimated. 

3 

*(og/m  ) 
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Table  A assumes  the  some  meteorological 
condition  us  Table  3,  but  In  this  case  35  percent 
of  the  single  engine  aircraft  are  assumed  to  be 
diverted  to  runway  and  taxiuay  2.  Note  tiuit 
maximum  concentrations  In  this  case  still  exceed 
the  NAAQS. 


Table  4 - Maximum  1-Hour  CO  Concentrations^versus  Downwind  Distance 
(assuming  that  352  of  the  single  engine  aircraft  are  diverted  to  Runway  2) 


Nearest  Upwind  Source 

O.Q 

Downwind 
0.07  0.1 

Distance 

0.27 

from 

0.3 

point 

0.6 

of  Maximum 
0.8  1.2 

Concentration  (km) 

2 3 5 

2 

Taxiway 

55 

— 

21 

— 

8 

— 

3 

2 

2 

1 

1 

1 

Run-up  Area 

65 

15 

— 

5 

— 

— 

2 

2 

2 

1 

1 

1 

Runway  1 

28 

16 

— 

7 

— 

— 

3 

2 

2 

1 

1 

1 

Area  1 

10 

— 

7 

— 

— 

4 

— 

4 

3 

2 

1 

1 

Area  2 

7 

— 

4 

— 

— 

2 

— 

2 

1 

1 

1 

1 

Each  dash  ( — ) Indicates 

that  no  1 

concentration 

was  estimated. 

3 

*(mg/m  ) 

In  Table  5,  the  estimated  maximum  8-hour  con- 
centrations are  tabulated.  The  maximum  8-hour  con- 
centrations are  expected  to  occur  when  the  wind 
persists  from  a single  direction  for  about  4 con- 
secutive hours  of  the  heavy  traffic  period.  In 
this  case,  all  traffic  Is  assumed  to  use  the  main 
runway . 


Table  5 - Maximum  8-Hour  CO  Concentrations*versus  Downwind  Distance 
(assuming  that  all  aircraft  use  Runway  1) 


Nearest  Upwind 

Source 

0.0 

Downwind  Distance  from  Point  of 
0.07  0.1  0.27  0.3  0.6 

Maximum  Concentration 
0.8  1.2  2 3 

(km) 

5 

Taxiway  1 

18 

6 

2 

1 

1 

0 

0 

0 

Run-up  Area 

20 

5 

1 

1 

0 

0 

0 

0 

Runway  1 

7 

4 

2 

1 

0 

0 

0 

0 

Area  1 

2 

2 

1 

— 

1 

0 

0 

0 

Area  2 

Each  dash  ( — ) 

Indicates 

2 

that  no  1 

1 

concentration 

0 

was  estimated. 

0 

0 

0 

* 

0 

(mg/m^) 

7 


0 

0 

0 

0 

0 


Figure  3 portrays  graphically  the  spatial  dis- 
tribution of  concentrations  summarized  in  Table  3. 

This  figure  is  a plot  of  the  maximum  concentrations 
as  a function  of  downwind  distance. 

In  addition  to  noting  the  maximum  CO  concentr- 
ations, it  Is  important  to  note  how  rapidly  the 
concentrations  decrease  with  downwind  distance. 

Similar  decreases  with  the  distance  are  likely  to 
occur  with  wind  directions  other  than  those  assumed 
In  this  analysis.  A wind  direction  parallel  to  the 
runways  and  taxlways  Is  assumed  in  this  analysis 
because,  with  the  given  source  configuration,  con- 
centration estimates  should  be  at  least  as  high  as 
they  would  be  for  any  other  wind  direction. 

In  summary,  this  analysis  present  reasonable 
estimates  of  maximum  CO  concentrations  due  to  gen- 
eral aviation  aircraft  emissions  at  Van  Nuys  Air- 
port. Although  this  analysis  does  not  yield  conclusive 
evidence  In  terms  of  all  general  aviation  aircraft  at  all 
airports,  a potential  ocenarlo  of  their  Impact 
under  some  typical  worst  case  emission  and  disper- 
sion conditions  has  been  developed. 
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Fig.  3 - Maxlmua  1-hour  CO  concentrations  as  a 
function  of  downwind  distance  (assuming  that  all 
aircraft  use  Runway  1) 
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DISCUSSION 

SEGAL:  Did  you  use  the  P-G  curves  in  the  model- 
ing effort? 

SCUEWE:  Yss. 

ROTE:  Did  you  auks  allowance  for  the  fact  that 
the  original  P-C  curves  were  for  three-minute 
sampling  tlme^  and  you  were  computing  hourly 

averages? 

SCHEWE:  We  have  applied  than  to  hourly  averaging 
times  for  about  ten  years,  I think. 

PASQUILL:  I just  wanted  to  ask  If  you  attempted 
any  adjustsMnt  of  the  P-G  estimate  to  allow  for 
the  Initial  spread  of  the  source  for  one  reason 
or  another  as  we  discussed  this  morning? 

SCUEWE:  We  did  allow  some  turbulent  woke. 

PASQUILL:  What  sort  of  Initial  source  slses? 

SCHEWE:  Initial  Oz  of  about  five  to  tan  netars, 
possibly  an  Initial  Oy  of  about  three  to  seven 
meters,  something  Ilka  that. 

GORDON:  In  exercising  your  model,  whan  you  extend- 

ed your  grid  beyond  the  airport,  did  you  encounter 
any  circumstances  where  the  CO  emissions  from  the 
general  aviation  at  the  airport  were  contained 
In  that  area  and  accounted  for  any  buildup  In  the 
background  concentration  or  did  you  exami ne  that 
facet? 

SCUEWE:  I think  we  probably  neglected  that.  I 
an  not  sura  I understand  what  you  mean  by  the 
general  aviation  buildup  beyond  the  boundaries. 

GORDON:  Assuming  that  your  concentration  pro- 
files drop  off  that  quickly  with  distance,  I was 
wondering  If  you  encountered  any  situations  In 
local  meteorology  where  the  aadselons,  although 
they  were  dispersing  away  from  the  runway  and 
queuing  areas,  were  In  fact  being  contained  in 
the  airport  grid  area  so  that  they  did  cause.  In 
conjunction  with  the  freeways  nearby,  any  cases 
where  the  air  quality  standard  was  violated  due  to 
containment  within  the  grid  system? 

SCHEWE:  No,  I don't  think  we  looked  at  that.  We 
didn't  look  at  any  of  the  nearby  expressways  or 
anything.  If  I understand  your  question,  but  we 
did  look  out  to  about  IS  to  20  kilometers  with  the 
modal  and  really  didn't  find  anything  above  about 
one  iBllllgrom  per  cubic  meter  outside  of  that,  if 
you  went  to  consider  that  adding  to  the  national 
air  quality  standard  at  thoM  locations. 
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The  calculation  of  exhaust  plume  characteris- 
tics Is  a vital  requirement  to  the  prediction  of 
ground-level  concentration  of  effluents  from  tall 
Industrial  stacks.  A similar  requirement  may  be 
vital  to  the  prediction  of  the  effect  of  airplane 
exhaust  emissions  on  air  quality  In  the  vicinity 
of  airports. 

Reference  (1)  presents  a comprehensive  study 
of  airport  air  pollution  analytical  modeling  tech- 
niques and  compares  predicted  concentrations  with 
a large  sampling  of  measured  concentrations  from 
various  aircraft  types.  Of  particular  value  In 
this  study  was  measurement  of  pollution  con- 
centrations from  single  aircraft  operations  which 
were  then  -.ompared  with  predictions  from  various 
modeling  approaches.  This  approach  allows  the 
modeling  to  be  representative  of  the  particular 
sourer  characteristics  and  therefore,  more  directly 
comparable  with  measured  data.  Even  so,  as  dis- 
cussed In  Kef.  (1),  most  of  the  analytical  models 
still  do  not  treat  the  details  of  the  exhaust  plume 
geometry  and  the  assumptions  pcde  about  effects  of 
ambient  winds  may  hamper  the  prediction  of  on-alr- 
port  concentrations.  For  example,  (1)  utilized 
several  analytical  models  to  predict  distances  at 
which  CO  concentrations  would  be  below  a particular 
value  from  three  different  type  aircraft.  In  gen- 
eral, all  the  models  greatly  overprcdlctcd  the  dis- 
tance obtained  from  measured  data.  These  results 
typify  the  current  problem  of  predicting  farfleld 
pollutant  concentratlot  s and  give  some  Insight  into 
the  possible  cause  for  the  problem  ns  outlined  in 
Fig.  1.  The  analytical  codellng  problem  can  be 
demonstrated  by  examining  the  Pasquil  1-Tumer 
approach.  This  method  requires  the  selection  of 
an  initial  source  size  described  by  0,  and  o„ 

o ”o 

(Fig.  2).  Due  to  the  lack  of  a proper  data  base, 

the  0,  and  values  coanonly  used  do  not  repre- 
o 'o 

sent  particular  plume  geometries  but  simply  the  en- 
gine centerline  ground  clearance  and  spacing  be- 
tween engines. 

To  Improve  on-alrport  prediction  capability, 
more  understanding  of  the  exhaust  plume  diffusion 
process  seems  to  be  necessary.  Factors  which  can 
Influence  plume  diffusion  encompass  engine  geoisetry, 
ambient  meteorology,  and  plume  buoyancy.  Reference 
(1)  noted  that  accounting  for  plume  rise  effects 
(due  to  buoyant  forces)  was  Important  to  Improving 
the  agreement  between  measured  and  predicted  pollu- 
tant concentrations.  Ambient  winds  may  play  on 
Important  role  from  the  standpoint  that  a large 
period  of  aircraft  romp  and  taxi  operations  forces 
the  engine  to  exhaust  into  a range  of  wind 


directions  anywhere  from  a crosswind  to  a tailwind. 
Data  which  can  relate  the  effects  of  such  ambient 
winds  on  exhaust  plume  diffusion  Is  severely  limited. 
Past  and  current  work  (2,3)  In  V/STOL  aerodynamics 
can  provide  useful  Information  as  to  trajectory  and 
lateral  growth  of  a jet  Issuing  into  a crosswind. 

Such  Information  was  utilized  and  expanded  in  (A,S) 
for  the  mixing  of  heated  effluents  flowing  Into  a 
waterway.  However,  Information  about  tailwind  ef- 
fects on  exhaust  plumes  Is  essentially  non-existent. 
Accordingly,  It  seemed  appropriate  to  undertake  a 
research  program  (Fig.  3)  to  obtain  more  experi- 
mental data  on  engine  exhaust  plume  characteristics 
In  the  airport  envlronMnt. 

Our  approach  to  studying  plume  diffusion  was 
to  find  a way  to  make  the  plume  visible  so  that  its 
behavior  under  various  conditions  could  be  examined. 
Tlte  plume  visualization  method  selected  was  Infra- 
red thermal  Imaging.  Unlike  other  flow  visualiza- 
tion techniques,  Infrared  thermal  Imaging  Is  not 
restricted  to  high  speed  flows  or  the  Introduction 
of  some  agent  Into  the  flow  process  to  be  examined. 
Infrared  thermal  Imaging  relies  primarily  on  the 
temperature  difference  between  the  engine  exhaust 
and  the  ambient  medium.  The  Infrared  thermal  Imag- 
ing Instrumentation  used  for  the  present  program 
consisted  of  a tripod-mounted  Infrared  camera  and  a 
display  unit  shown  In  Fig.  4.  The  Infrared  sys- 
tem uses  a supercooled  Indium  antimonlde  Infrared 
detector  which  operates  In  the  2.4  to  5.0  micron 
band  of  the  Infrared  spectrum.  The  system  Is  ca- 
pable of  operating  with  a range  of  narrow  bandpass 
filters  for  Identifying  specific  gases.  The  thermal 
Image  of  the  optical  field  of  view  is  obtained  by  a 
raster  scanning  technique  and  then  forwarded  to  a 
CRT  display  (Fig.  5).  A 16  mm  motion  picture  cam- 
era synchronized  to  the  raster  display  rate  Is  be- 
ing used  to  provide  a permanent  record  of  the  ther- 
mal Image  and  provide  a means  to  record  the  dynamics 
and  Intermlttency  of  the  exhaust  plume.  State-of- 
the-art  Infrared  thermal  Imaging  systems  can  resolve 
temperature  differences  down  to  . 2^^ . However,  sys- 
tem capability  to  detect  a semi-transparent  medium 
such  as  exhaust  gasen  can  be  degraded  by  Che  trans- 
mittance of  background  Infrared  signatures  Involving 
both  temperature  and  emlsslvlty.  As  a result,  ex- 
haust plume  geometries  cannot  be  detected  In  all 
types  of  background  conditions.  To  control  the 
infrared  background  for  the  present  exhaust  plume 
measurements,  the  exhaust  source  (F-d6F)  was  posl-  . 
tlonsd  In  front  of  a large  aircraft  hangar  (Fig.  (, 
and  Fig,  7)  which  had  a uniformly  painted  aurfsca. 
Further,  test  periods  during  the  day  were  chosen 
such  that  the  front  of  the  hangar  was  In  the  shade 
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thereby  enbaiicinK  the  exhaust  plume  - background 
temperature  differential.  Ambient  winds  are  nomi- 
nally parallel  to  the  hangar  orientation  and  the 
test  area  shown  in  the  photoRraph  of  Fig.  8 is 
generally  void  of  any  large  structures  upwind  which 
could  grossly  affect  the  ambient  meteorology. 

Preliminary  test  results  (lA-olnute  movie  pre- 
sented during  oral  presentation)  have  shown  some 

i.Dporcant  plume  characteristics  with  a stationary 
source.  At  idle  power  and  with  a headwind  plume 
diffusion  followed  the  conventional  jet  spreading 
criteria  (Fig.  9)  up  to  an  X/D  value  of  150.  This 
data  provides  some  of  the  first  information  about 
plume  diffusion  beyond  X/U'AO  where  the  bulk  of 
existing  experimental  data  stops.  A more  dramatic 
result  was  obtained  at  idle  power  and  with  a tail- 
wind. The  elevation  of  the  exhaust  plume  trajectory 
was  increased  almost  an  order  of  magnitude  near  the 
source  (Fig.  10).'  These  results  point  to  the  pit- 

falls  )f  assuming  the  vertical  dimension  Oz  of  the 

o 

initial  source  site  to  be  the  engine  centerline 
ground  clearance.  Fu.-ther,  an  Increase  in  the  init- 
ial source  size  will  decrease  the  pollutant  concen- 
trations In  the  farfleld. 

Conclusions  that  can  be  drawn  from  this  very 
preliminary  work  are  r.ummarlzed  In  Fig.  11.  Since 
the  present  program  represents  only  an  encouraging 
beginning,  our  proposed  future  work  (Figure  12)  will 
hopefully  delve  more  deeply  and  quantitatively  into 
defining  the  engine  exhaust  diffusion  process  near 
the  source  In  the  alvport  environment. 
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EXHAUST  PLUME  RESEARCH  PROGRAM 
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INFRARED  CAMERA  OPTICAL- MECHANICAL  SCANNING  MTD 
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INFRARED  EXHAUST  TEST  ARRANGEMENT 
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TYPICAL  PLUME  CHARACTERISTICS  WITH  A HEADWIND 
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CONCLUSIONS 


I 1.  TAILWIND  CONDITIONS  I lOLt  POWER  I 

‘ (al  WINDS  OF  ONLY  SEVERAL  m / sec  CAN  INCREASE  EXHAUST  PLLWLE 

TRAJECTORY  ELEVATIONS  AT  LEAST  8 TIMES. 

E (b)  SIGNIf'jCANTLY  INCREASED  AXIAL  DIFFUSION  OF  THE  PLUME. 

! 2.  HEAD  WIND  CONDITIONS  I IDLE  POWER  I 

Ul  PLUME  THERMAL  BUOYANCY  EFFECTS  WERE  NOT  IDENTIFIED 
UP  TO  X/D  • 150  WITH  CLASS  D STABILITY. 

(b)  PLUME  DIFFUSION  APPEARS  TO  FOLLOW  ESTABLISHED 
EMPIRICAL  DATA. 

' 3.  FOR  MODELING  PURPOSES  INITIAL  SOURCE  SIZE  MAY  BE  MORE  IMPORTANT 

THAN  PLUME  RISE  EFFECTS. 

FKI  11 
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FUTURE  EXHAUST  PLUME  RESEARCH 


• OBTAIN  PLUME  CHARACTERISTICS  ON  COMMERCIAL  TYPE  AIRCRAFT 

AT  BOTH  I DU  AND  TAKEOFF  POWER 

• I NVEST I GATE  SMAU-  SCAU  S IMUUT I ON  W ITH  A W I NO  TUNNEL 

• AHEMPT  TO  DEFINE  MnEOROLOGY  CRITICAL  TO  SPECIFIC  PLUME 

BEHAVIOR 

• ANALVr I CALLV  MODEL  MEASURED  PLUME  GROWTH  CHARACTERISTICS 


FKL  12 
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DISCUSSION 

ROTE:  Your  '-iper  Btlmulates  a lot  of  questions. 

One  that  concerned  me  at  first  was  the  trick  of 
being  able  to  photograph  Into  the  shadow.  Are  you 
not  also  exposing  yourself  to  the  turbulent  wake 
created  by  the  building,  which  would  obviously 
affect  what  happens  to  the  plume? 

HODDER:  1 think  that  the  beat  answer  I can  give 
to  that  is  that  we  have  looked  at  the  building 
without  the  Jet  present,  and  there  Is  no  apparent 
activity,  at  least  In  terms  of  thermal  wake  from 
the  building. 

ROTE:  No,  1 mean  Just  the  turbulence. 

HODDER:  The  only  thing  1 can  say  Is  that  the  wind 
direction  does  tend  to  parallel  the  building.  We 
are  off  to  the  side  of  the  building  over  100  feet. 

ROTE:  How  wide  Is  the  building? 

HODDER:  Probably  a couple  hundred  feet  wide;  we 
haven't  thoroughly  Investigated  that.  As  I say. 

It  Is  a progress  report  In  the  sense  that  we 
spent  a lot  of  time  Just  trying  to  get  the  tech- 
nique to  work,  and  that  Is  sosMthlng  we  have  always 
got  to  be  careful  of. 

NAUCLE:  1 enjoyed  your  paper  and  your  slides  on 
getting  this  thing  to  work.  Uc  have  tried  It 
In  the  Air  Force  unsuccessfully.  We  didn't  do  it 
In  winds  facing  s building,  sod  you  have 
succeeded  as  we  haven't. 

I SB  trying  to  sort  out  the  conclusions  In  the 
previous  paper  that  there  are  CO  hot  spots  with 
your  findings,  which  Indicate  very  significant 
plume  characteristics  that  modelsrs  typically 
don't  account  for. 

I would  really  like  to  address  a question  Lo  the 
previous  author.  Do  you  still  have  confidence  in 
your  conclusions  regarding  CO  hot  spots,  or  do  you 
feel  that  maybe  due  to  your  simplified  emission 
treatments,  both  In  configuration  and  plume  rise, 
this  might  be  a modeling  artifact? 

SCHEWE:  I don't  see  that  as  s problem.  The  models 

are  only  good  within  about  s factor  of  two  or  three 
anyway,  and  we  did  allow  for  some  Initial  disper- 
sion, so  I really  don't  sec  any  problem. 

H<>  said  that  they  noted  dispersion  up  to  about  35 
to  SO  feat,  and,  allowing  some  Initial  dispersion 
In  our  model  up  to  about  10  to  35  feet,  I don't 
feel  we  have  any  problems  with  that. 

We  did  not  allow  for  plume  rise.  1 don't  feel  it 
was  Justified.  Thera  is  no  compelling  reason  for 
us  to  do  that. 

NAUCLE:  What  were  the  Initial  plume  height  and 
dimensions  In  the  data  that  you  presented? 

SCHEWE:  Offhand,  1 think  It  was  about  s aster  sod 
a half  from  the  ground. 


NAUCLE:  And  the  dimensions? 

SCHEWE:  We  elided  Initial  sigmas.  In  the  model, 
of  about  10  meters  .'.n  the  vertical,  and  about  3 to 
7 or  8 meters  In  thti!  horizontal.  That  Is  allowing 
for  the  turbulent  woke  of  the  vehicle  moving  and 
possibly  a little  bit  for  the  plume  rise,  too. 

NAUCLE;  Do  you  think  this  would  be  adequate 
Initial  dispersion  In  light  of  what  we  Just  saw 
to  account  for  these  localized  hot  spots  which  did 
exceed  standards  In  your  analysis? 

SCHEWE:  Yes,  1 think  so.  1 am  not  very  familiar 
with  engine  temperatures.  I'm  not  sure.  This 
gentleman  said  that  we  were  also  dealing  with  prop 
engines  and  not  Jet  aircraft,  which  may  make  some 
difference,  too. 

SECAL:  There  are  provisions  In  the  models  to 
accoosBodate  an  Initial  volume.  The  question  Is  the 
basis  for  establishing  the  volume.  I think  this 
data  Is  one  of  the  first  bases  I have  seen  for 
coming  up  with  dimensions.  Once  you  define  the 
dimensions,  you  can  put  them  Into  your  model. 

HODDER:  1 might  mention  that  there  are  other  parts 
of  the  dimension  picture  we  don't  have  yet.  In 
particular,  the  lateral  characteristics.  We  have 
looked  up  the  tailpipe,  but  that  Is  a difficult 
problem  to  calibrate  because  of  the  depth  of  the 
field. 

1 would  like  to  look  down  at  It  from  the  top,  but 
that  would  require  going  up  on  the  top  of  the  hangar 
and  looking  down.  I'm  trying  to  do  that  on  a small 
scale . 

D.  SHITH:  I was  encouraged  to  see  these  pre- 
liminary results,  because  I think  that  when  we 
talk  about  the  Concorde  project  results  a little 
bit  more  tomorrow,  you  will  see  that  the  range  of 
conditions  observed  In  that  program  suggests  the 
range  of  effects  you  are  seeing  with  the  headwinds 
and  tailwinds  differing. 

In  fact,  this  kind  of  result  will  suggest  to  us 
maybe  making  a plain  wind-angle  orientation  correc- 
tion to  the  model  so  that  In  fact  the  Initial 
dispersion  volume  could  be  direction  specific,  or 
orientation  specific,  1 should  say. 
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AHSTRACT 

Two  analytical  techniques  have  been  used  to 
estimate  the  alr-quallty  Impact  associated  with 
the  development  recommended  In  the  Dulles  Inter- 
national Airport  Master  Plan.  First,  a modified 
version  of  the  Air  Quality  Assessment  Model  (AQAM) 
with  worst-case  meteorology  was  used  to  simulate 
the  peak-month,  peak-hour  concentration  of  pollu- 
tants at  several  receptor  sites.  Then  applications 
of  the  "Guidelines  for  Evaluating  Indirect  Sources" 
were  used  to  provide  estimates  of  pollutant  concen- 
trations resulting  from  vehicle  congestion  and 
queues  at  several  locations  at  the  airport. 

The  analysis  with  respect  to  CO  Indicated  that 
the  Federal  one-hour  standard  would  not  be  violated 
at  Che  chosen  receptors;  however,  under  present 
emission  patterns,  the  Federal  eight-hour  CO  stan- 
dard was  likely  to  be  ‘exceeded  at  two  receptors. 
Similar  violations  were  not  forecast  for  future 
years. 


THIS  PAPER  SUMMARIZES  the  results  of  a research 
program  that  examined  the  air-quality  impact  asso- 
ciated with  the  development  recommended  by  the 
Dulles  International  Airport  (lAD)  Master-Plan 
Update  (D*. 

The  air-quality  study  consisted  of  four  major 
steps : 

Step  1 — Acquisition  of  air-quality  and  meteorolog- 
ical data  from  lAD. 

Step  2 — Definition  of  the  current  air  quality  in 
the  study  area. 

Step  3 — Determination  of  the  air-quality  impact 

associated  with  three  planning  alternatives 
for  1980,  1985,  and  1995. 

Step  4--Predlct ion  of  the  air  quality  of  lAD  for 
the  final,  refined  master  plan  for  1980, 
1985,  and  1995. 

Available  published  reports  that  reviewed  emis- 
sions, air  quality,  and  meteorological  conditions 
both  at  the  airport  and  throughout  the  National 
Capital  Interstate  Air  Quality  Region  provided  the 
necessary  data  for  the  first  step  of  the  study. 
Steps  2 and  3,  completed  In  -lanuary  1977,  resulted 
in  the  recosnendat ion  tliat  a remote  parking  lot  be 
constructed  as  the  best  planning  alternative,  from 
an  air-quality  standpoint.  This  paper  is  concerned 
with  the  final  step  of  the  study,  the  prediction  of 
future  air  quality. 


A modified  version  of  the  Air  Quality  Assess- 
ment Model  (AQAM)  was  used  extensively  during  this 
study.  The  basic  nxjdel  was  developed  by  Argonne 
National  Laboratory  for  the  Air  Force  (2),  The 
basic  model  was  modified  to  use  emission  factors 
from  civil  aviation  sources.  AQAM  includes  an  ex- 
tensive set  of  emission  models  for  all  alr-polluta.ot 
got.erating  activities,  both  stationary  and  mobile, 
on  and  around  an  airport,  including  airborne  flight 
operations.  The  AQAM  Short-Term  Dispersion  Model 
computes  hourly  averaged  pollutant  concentrations 
for  a network  of  receptors. 

METHODS  USED  TO  ESTIMATE  CARBON  MONOXIDE  IMFACTS 
AT  DULLES 

Before  the  impacts  of  Dulles  airport  could  be 
projected,  it  was  necessary  to  estii'  itc  current  CO 
emissions  in  the  urea  and  to  forecast  the  emissions 
expected  in  future  years.  A comprehensive  emissions 
inventory  of  Dulles  International  Airport  was  de- 
veloped from  an  operations  inventory  provided  by 
Feat,  Marwick,  Mitchell  i Co.  A summary  of  the 
total  emissions  cstinuites  for  carbon  TOnoxlde  (CO), 
hydrocarbons  (HC),  oxides  of  nitrogen  (NO^),  total 
suspended  particulates  (TSF) , and  oxides  of  sulfur 
(SOx)  from  aircraft,  vehicles,  and  point  sources  for 
1976,  1980,  1985,  and  1995  are  shown  in  Table  1. 

Aircraft  and  point  source  emission  rates  were 
obt.ained  from  AP-42  (3)  cr  i^PA/Ann  Arbor  (4).  Ve- 
hicle emission  rates  through  mou-l  year  1977  were 
determined  from  (3).  It  was  assumed  that  model- 
years  1978  through  1980  would  have  the  same  emission 
rates  as  tlie  1977  models.  At  the  time  of  the  study, 
estimates  of  mean  emission  rates  for  future  model 
year  vehicles  were  not  included  in  (3);  tiowever,  (3) 
did  set  forth  a table  of  emission  factors  for  ctic 
six  levels  of  emission  standards  that  were  given 
serious  consideration.  Table  2 shows  the  emission 
standards  that  were  assumed  for  poBt-1980  light-duty 
vehicles . 

AQAM  was  then  updated  to  reflect  the  latest 
emission  factors  found  in  (3)  by  comparing  AQAM  ex- 
haust emission  rates  with  corresponding  values  in 
(3)  to  produce  a correction  factor. 

After  the  emissions  were  estimated,  the  follow- 
ing steps  were  taken  to  assess  the  air-quality  im- 
pact of  Dulles: 

Step  1 — Worst-case  background  CO  levels  and  the  cor- 
responding hour-by-hour  sequence  of  wind 
speed,  wind  direction,  and  atmospheric 

*Numbers  in  parentheses  designate  References  at  end 
of  paper. 
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Table  1 - Sunmary  of  All  Annual  Kmlsaions  for  Dulles  International 
Airport  for  1976,  1980,  19811,  and  1995 
(metric  tons  per  year) 


Year 

Operation 

CO 

1976 

A1  rcraf  t 

Ground  mobile 
Point  sources 

1568.6 

1281.8 

5.6 

1980 

Aircraft 

Ground  mobile 
Point  sources 

1909.5 

1080.7 

6.8 

1985 

Aircraft 

Ground  mobile 
Point  sources 

2429.9 

876.5 

18.4 

1995 

Aircraft 

Ground  mobile 
Point  sources 

4129.1 

979.4 

22.4 

Table  2 - Assumed  Federal  Standards  for 
l’ost-1980  Light-Duty  Vehicles 


Pollutant  (g/mi) 


Years 

CO 

HC 

NOy 

1981-1984 

9.0 

0.41 

1.0 

1985-1995 

3.4 

0.41 

0.4 

stability  appropriate  to  Dulles  Airport 
were  determined. 

Step  2 — AQAM  was  used  with  the  worst-case  meteoro- 
logical conditions  and  Dulles  emissions 
data  to  simulate  Che  1976  contribution  of 
emissions  from  Dulles  for  the  peak-month, 
peak-hour  concentration  of  CO  nt  several 
receptor  sites. 

Step  3 — EPA's  Guidelines  for  Evaluating  Indirect 

Sources  (5)  were  used  to  calculate  the  ex- 
cess CO  concentrations  resulting  from  ve- 
hicles -idling  at  several  highly  congested 
points  3t  the  airport.  This  vcluc  was 
added  to  those  from  Step  2 and  the  back- 
ground CO  concentrations  to  provide  an 
estimate  of  the  expected  CO  concentrations 
at  various  receptors  throughout  Dulles. 

Step  4 — Tlie  input  parameters  for  the  forecast  years, 
1980,  1985,  and  1995  were  estimated. 

Step  5 — Tlie  projected  CO  at  various  receptors  for 

the  forecast  years  of  Step  4 was  calculated. 

Several  sources  of  meteorological  data  were 
used  in  the  analysis.  Of  these,  the  "Concorde  Mon- 
itoring Monthly  Report"  (6)  was  most  useful.  Its 
review  showed  the  highest  pollutant  concentration 
occurring  with  light  southerly  winds.  August  was 
determined  to  be  the  peak-emissions  month,  and 
5:00  p.m.  to  6:00  p.m.  the  peak  hour  for  air 
traffic;  therefore,  meteorological  conditions 
appropriate  to  this  period  were  selected.  A scries 
of  dispersion  calculations  were  made  to  determine 
which  wind  speed  and  direction  would  have  the 
greatest  effect  on  the  simulated  receptors.  Over- 
all, light  winds  (about  1 m/s)  from  180”  with  a 
stable  lapse  rate  (Pasqulll-Glf ford  Type  F)  pro- 
duced the  worst-case  pollutant  concentrations. 


Pollutant 


HC 

NOx 

TSP 

SOx 

641.5 

881.2 

81.3 

69.9 

123.9 

90.6 

30.0 

22.7 

129.7 

76.3 

18.6 

101.7 

706.9 

1110.0 

92.9 

81.4 

111.6 

92.5 

28.0 

19.  5 

156.6 

92.5 

22.6 

123.3 

902.6 

1566.0 

112.9 

108.2 

101.3 

108.8 

37.7 

23.9 

197.8 

259.8 

63.2 

346.2 

1184.9 

3422.6 

153.3 

184.2 

186.4 

136.3 

62.6 

37.4 

259.7 

317.0 

77.1 

422.4 

Historical  data  for  August  show  that  these  meteoro- 
logical conditions  are  rare,  but  possible.  Accord- 
ingly, these  conditions  were  chosen  as  worst  case. 
For  lack  of  other  data,  a mixing  height  of  300  m 
was  arbitrarily  chosen  to  represent  worst-case  con- 
ditions for  the  early  evening. 

The  highest  CO  concentration  reported  during 
the  Concorde  monitoring  study  was  6.5  ppm  (7.4  mg/ 
m^)  at  the  South  Ramp;  this  occurred  on  July  6 when 
the  winds  were  from  the  south-southeast.  Disper- 
sion calculations  using  the  Concorde  South  Ramp 
monitoring  site  as  a receptor  showed  that  a south- 
southeast  wind  would,  in  addition  to  the  background 
level  of  CO,  include  a 1.2  mg/m3  component  from 
aircraft  and  other  nearby  sources.  Subtracting  this 
value  from  tlie  South  Rump  concentration  produces  a 
worst-case  onc-hour  background  CO  level  of  6.2  mg/ 
m^.  The  worst-case  eight-hour  CO  concentration  was 
3.48  ppm  (4.00  mg/m^) , which  occurred  from  12  noon 
through  8 p.m.  on  the  same  date. 

The  measured  eight-hour  maximum  CO  concentra- 
tion agrees  with  one  calculated  using  Larsen's  con- 
version technique  (7),  which  waa  used  to  estimate 
an  eight-hour  maximum  from  the  maximum  one-hour 
concentration.  Tlie  value  obtained  using  this  method 
was  also  4,0  mg/m3. 

Tlie  expected  decrease  of  emissions  in  the 
Washington  area  resulting  from  stricter  emission 
standards  is  described  in  MWCOG  Technical  Report 
No.  3 (8).  The  report  shows  the  1972  peak  period 
emissions  of  CO  to  have  been  877  tone  and  the  pro- 
jected 1992  peak  period  emissions  for  CO  to  be  349 
tons.  The  decrease  should  cause  a proportional 
lowering  In  the  background  CO  concentrations.  A 
linear  interpolation  between  1976  and  1995  emissions 
rates  for  the  modeled  years  provided  an  emission 
weighting  factor  to  reduce  the  1976  background  con- 
centration to  the  required  estimates  of  future  year 
values.  The  factors  used  were  0.87,  0.70,  and  0.35 
for  1980,  1985,  and  1995,  respectively. 

It  was  determined  that  vehicles  could  idle 
long  enough  at  two  locations  to  produce  significant 
local  effects.  These  locations  were:  (1)  on  the 
Dulles  Access  Highway  near  the  East/Uest  Service 
Road  overpass,  where  many  commuters  make  a U-tum, 
and  (2)  in  front  of  the  terminal  building,  near  the 
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arrival  and  departure  ramps.  (Commuter  vehicles 
were  Included  only  in  the  197f)  emls.slon.s  inventory, 
reflectliiR  an  anticipated  lonR-temi  solution  ol  the 
commute  traffic  problem.) 

The  method  used  to  determine  tlie  excess  emis- 
sion flux-density  for  tliese  Interrupted  traffic 
flows  is  described  by  Dabberdt  and  Sandys  (S), 
whose  method  showed  tiuit  vehicles  queuliiR  at  the 
Service  Road  intersection  cun  raise  the  peak  tiour 
CO  concentrations  of  a receptor  placed  near  the 
intersection  by  up  to  12.7  ppm  (1A.6  ran/ra^) . 

Tile  methodoloRy  used  to  determine  the  excess 
CO  concentrations  due  to  queulnn  at  tlte  arrival 
and  departure  ramps  was  developed  by  Mancuso  and 
LudwlR  (9),  whose  method  predicts  CO  concentrations 
In  a street  canyon.  This  method  was  necessary  be- 
cause of  the  aerodynamic  effect  the  terminal  struc- 
ture has  on  pollutant  concentrations.  A south  wind 
flowing  over  the  terminal  bulldiiiR  can  develop  a 
helical  air  circulation  so  that  receptors  on  the 
leeward  side  of  the  build  Ing  are  exposed  to  sub- 
stantially hlRher  concentrations  than  are  those  on 
the  windward  side.  Table  3 shows  the  CO  concentra- 
tions that  should  be  added  to  nearby  receptor  be- 
cause of  the  above  effects.  The  decrease  in  excess 
concentrations  from  1976  to  1995  Is  the  result  of 
the  lenKthenliiR  of  the  arrival  and  departure  ramps 
and  the  Impoaltlon  of  stricter  CO  emission  stan- 
dards. 


Table  3 - CO  Concentrations  at  a Nearby  Receptor 
ArlslnR  from  Vehicles  QucutiiR  at  the  Arrival 
and  Departure  Ramps  (mR/mJ) 


Year 

Concentrations 
from  the 
Arrival  Ramp 

Concentrations 
from  the 
Departure  Ramp 

Total  Hump 
Contributions 

1976 

7.56 

4.21 

11.78 

1980 

5.51 

4.17 

9.68 

1985 

2.36 

2.54 

4.90 

1995 

1.56 

1.47 

3.03 

The  IdlinR  emissions  of  buses  were  also  in- 
cluded in  the  above  calculations.  However,  their 
contribution  to  the  overall  CO  problem  is  ncRli- 
glble.  Even  with  long  queuing  times  (875  seconds 
ns  opposed  to  a passenger  cur's  180  seconds),  their 
CO  contribution  Is  small.  The  smal'ness  of  their 
contribution  results  from  tlieir  very  low  CO  emis- 
sion rate  (less  than  0.02  g/s)  and  the  relatively 
small  number  of  buses  compared  to  automobiles. 

AIR  QUALITY  PROJECTIONS 

Following  the  multistep  procedure  outlined 
earlier,  worst-case  meteorological  and  traffic  data 
were  used  to  define:  the  current  (1-976)  CO  con- 
centrations at  Dulles  and  CO  levels  expected  for 
the  years  1980,  1985,  and  1995. 

LOCAL  WORST-CASE  AIR  QUALIIT  FOR  1976  - Fig.  1 
shows  the  location  of  the  receptor  points  and 
lines  of  constant  worst-case  hourly  CO  concentra- 
tions. Tlic  receptors  were  chosen  to  correspond  to 
areas  where  people  were  likely  to  be  exposed  to 
this  pollutant  for  moderate  amounts  of  time.  For 
example,  Receptor  1 Is  In  the  remote  aircraft  park- 
ing apron;  Receptor  2 Is  In  the  general  aviation 
parking  area.  Receptor  3 Is  near  the  East/West 


Service  Road  overpass.  Receptor  A Is  In  the  park- 
ing lot  near  Uiilldlng  67;  Receptor  5 is  In  the  cargo 
handllnR  area;  Receptor  6 Is  near  the  arrival  and 
departure  ramps,  a.nd  Receptor  7 corresponds  to  the 
Coricurde  background  pollutant  monitoring  site.  The 
Isollnes  show  three  areas  of  localized  CO  maxima. 

Tile  first  (4.24  mg/m^),  located  near  Building  67 
(not  visible  In  Fig.  1),  Is  caused  mainly  by  the 
large  volume  of  vehicles  that  pass  nearby,  because 
of  the  Uu'iles  Access  Highway,  park.ing  lot,  and 
arrival  and  departure  ramps.  Tlie  second  .area,  lo- 
cated near  the  Rast/West  Service  Rond  overpass,  has 
an  liourly  maximum  concentration  of  15.6  mg/m^.  This 
high  concentration  is  caused  primarily  by  the  large 
number  of  commuter  vehicles  making  the  U-turn  a:  ross 
the  overpass.  The  third  urea  of  high  concentration 
Is  near  the  arrival  and  departure  romps,  where  a 
value  of  13.8  mg/m^  cun  be  expected  under  worst- 
case  conditions.  Note  that  the  above  concentrations 
do  not  include  the  contribution  from  CO  emissions 
outside  the  Immediate  Dulles  urea, 

LOCAL  WORST-CASE  AIR  QUALITY  FOR  1980,  1985, 

AND  1995  - Table  4 summarizes  the  expected  CO  con- 
centration resulting  from  local  sources  at  the 
seven  receptors  for  each  of  the  modeled  years.  The 
aircraft  soiircea  Include  concentrations  relating  to 
aircraft  activity.  The  airport  sources  Include  all 
vehicles  and  point  sources.  Note  tliat  Receptor  3 
shows  a dramatic  decrease  in  CO  concentration  from 
1976  to  1980.  This  decrease  results  from  the  re- 
moval of  commute  traffic  from  future  projections. 
Receptor  6 also  shows  a progressive  decrease  in  CO 
concentration.  This  decrease  results  from  the 
lengthening  of  the  arrival  and  departure  curbs  and 
to  the  Imposition  of  stricter  CO  emission  standards. 


Table  4 - Summary  of  Local  Worst-Case  Hourly  CO 
Concentrations  (Aircraft  and  Airport)  for 
1976,  1980,  1985,  and  1995  at  the 
Various  Receptors  (mg/m^) 


Receptor 

Source 

1976 

1980 

1985 

1995 

1 

Aircraft 

1.60 

1.86 

2.75 

5.53 

Airport 

0.21 

0.16 

0.08 

0.05 

Total  local 

1.81 

2.02 

2.83 

5.50 

2 

Aircraf  t 

0.92 

1.06 

1.27 

1.93 

A1  rport 

0.40 

0.29 

0.14 

0.10 

Total  local 

1.32 

1.35 

1.41 

2.03 

3 

Aircraft 

0.25 

0.28 

0.39 

0.70 

Airport 

15.38 

0.71 

0.56 

0.70 

Total  local 

15.63 

0.99 

0.95 

1.40 

4 

Aircraft 

0.24 

0.38 

0.39 

0.70 

Airport 

4.00 

4.28 

3.12 

2.40 

Total  local 

4.24 

4.56 

3.51 

3.10 

5 

Aircraft 

1.37 

1.58 

1.92 

1.94 

Airport 

0.35 

0.26 

0.13 

0.84 

Total  local 

1.72 

1.84 

2.05 

2.74 

6 

Aircraft 

0.43 

0.49 

0.67 

1.05 

A1  rport 

13.80 

7.94 

6.40 

4.81 

Total  local 

14.23 

8,43 

7.07 

5.80 

7 

Aircraft 

0.42 

0.52 

0.07 

0.01 

Airport 

0.52 

0.38 

0.18 

0.12 

Total  local 

1.01 

0.90 

0.25 

0.13 
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Kl^,  1 - Isulluos  of  loc.il  worst-ciiHC  liourly  CO  concentrationH  for  1976 


RKS6LTS  AND  CONCIAIS [ONS 

Alr-quallty  findliiKS  wllli  rcspoct  lo  Kodcral 
slnndaids  are  summarized  helow.  Tlie  total  hourly 
worst-case  CO  concentration  Is  the  sura  of  the  back- 
ground and  local  concentrations.  This  sura  does  not 
exceed  the  one-hour  standard  of  40  rag/ra^  for  any  of 
the  projections. 

The  national  primary  eight-hour  ambient  alr- 
quallty  standard  for  CO  Includes  a maximum  eight- 
hour  concentration  of  10  mg/ra^  (9  ppm)  not  to  be 
exceeded  more  than  once  per  year.  Larsen's  tech- 
nique (7)  was  used  to  estlnuite  worst-case  eight- 
hour  concentrations  from  the  maximum  predicted 
one-hour  concentrations.  Table  5 sunmarlzes  the 
results:  the  Federal  eight-hour  CO  standard  was 

only  exceeded  during  1976  at  Receptors  3 and  6. 
Violations  are  not  expected  to  continue  in  the 
forecast  years  because  the  lengthening  of  the 
arrival  and  departure  ramps  at  the  terminal,  the 


elimination  of  commuter  traffic  from  the  Kast/West 
Service  Koail  overpass,  and  the  Implementation  of 
stricter  vehicle  emission  standards  will  reduce  the 
emissions  that  have  been  responslb.  .>  for  the  stan- 
dards violations.  However,  If  one  or  more  of  these 
fuctor.s  does  not  change  as  the  predictions  asaume, 
then  the  Federal  standards  may  be.  violated  at  these 
receptors  in  future  years. 

Table  5 - bumraary  of  Worst-Case  Eight-Hour  CO 
Concentration  for  1976,  1980,  1985  and  1995 

(mg/m^) 


Receptor  Number 


Year 

1 

2 

3 

4 

5 

6 

7 

1976 

4.4 

4.0 

10.2 

5.5 

4.3 

10. 1 

4.0 

1980 

4.0 

3.7 

3.2 

5.5 

4.0 

8.0 

3.5 

1985 

3.8 

3.3 

3.2 

4.4 

3.6 

5.6 

2.7 

1995 

4.2 

2.4 

2.0 

3.0 

2.7 

3.9 

1.5 
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Based  or  the  modeling  analysis  the  following 
conclusions  have  been  reached; 

• TVie  one  -hour  Federal  Standard  for  CO,  which 
did  not  appear  to  liave  been  exceeded  at 
Dulles  in  the  base  year  1976,  is  not  likely 
to  be  exceeded  in  the  forecast  years  1980, 
1985,  and  1995. 

• Violation  of  the  eight-hour  Federal  primary 
standard  was  likely  at  the  terminal  build- 
ing and  Eart/West  Service  Road  overpass 
during  1976. 

• Adopting  stricter  vehicle  emission  stan- 
dards, lengthening  the  arrival  and  depar- 
ture ramps,  and  solving  the  East/West 
Service  Roa.'  overpass  commuter  congestion 
will  make  violation.^  of  the  eight-hour 
Federal  standard  unlikely  in  the  forecast 
years . 
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DISCUSSION 

TAYLOR:  I wondered  if,  in  your  forecast  of  the  air- 

craft traffic,  yo-  altered  the  fleet  mix  in  futu  . 
years? 

SHELAR:  Yes.  ff  you  mean  with  respect  to  the 
Introduction  of  more  Concorde  runs,  the  introduc- 
tion of  new  two-engine  wlde-body  jets,  and  the 
reduction  of  707' a,  the  older  aircraft,  yes,  we  did. 


T.AYLOR:  1 did  a similar  calculation  and  found 

the  concentrations  decreasing  in  the  future  years 
with  the  new  aircraft  with  the  cleaner  engines 
ard  the  wide  bodies.  If  you  increase  only  the 
number  of  enplaned  passengers  and  not  the  number 
of  aircraft,  which  would  in  fact  be  the  case 
(^nstead  of  using  three  727s  you  take  them  out 
on  one  L-1011  or  something  like  that)  you  get  a 
decrease  in  CO. 

SHELAR:  My  answer  to  that  is  that  this  opera- 
tional Inventory  came  from  projections  by  the 
airlines.  They  projected  a four-fold  increase  in 
the  number  of  aircra.Ft  they  were  using.  This  in- 
cluded a mix  of  the  wide-bodied,  the  new  wide-body 
two-engine,  three-engl -.le  and  four-engine  jets. 

TAYLOR:  Yon  got  the  forecast  from  the  airlines? 

SHELAR : Yes . 

TAYLOR:  Mine  is  from  the  FAA. 

GOODM/iN:  In  this  forecast,  did  you  assume 
compliance  with  the  retrofit  requirements  pro- 
posed by  EPA  in  their  March  NPRM? 

SHELAR:  No,  we  didn't.  This  study  was  done  in 
1977.  We  assumed  no  aircraft  emission  controls. 

As  you  have  seen,  the  major  problem  was  not  caused 
by  aircraft,  but  by  motor  vehicles 

D.  SMITH:  I might  comment  that  the  background 
monitor  was  selected  for  the  worst  case  background. 
As  1 recall,  there  is  a small  parking  lot  there 
so  that  the  background  monitor  is  Influenced  by 
a local  source  to  a small  degree  and,-  therefore, 
you  probably  had  a conservatl-  estimate  of 
background . 

SHELAR:  Yes.  We  knew  that,  and  we  did  subtract 
a local  component  away  from  it . We  also  compared 
che  concentrations  at  the  FAA  site  with  concen- 
trations measured  in  Herndon.  We  compared  it 
with  the  downtown  region  and  this  value  was 
consistent  with  that. 
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ABSTRACT 

The  air  quality  impact  uf  aircraft  at  anJ 
around  Los  Angeles  International  Airport  (LAX)  is 
simulated  for  hours  of  peak  aircraft  operation  and 
"worst  case"  pollutant  dispersion  conditions.  An 
updated  version  of  the  Argoune  Airport  Vicinity  Air 
Pollution  (AVAF)  model  is  used  In  the  simulation; 
model  refinements  reflect  new  theoretical  formula- 
tions and  data  from  field  programs  at  LAX,  U'llarc, 
and  John  F,  Kennedy  International  Airports.  Maxi- 
mum carbon  monoxide  concentrations  at  LAX  are 
found  to  be  low  relative  to  the  NAAQS.  Relatively 
high,  widespread  hydrocarbon  levels  indicate  that 
aircraft  emissions  may  aggravate  oxidant  problems 
near  the  airport.  Concentrations  of  oxides  of  ni- 
trogen are  high  enough  relative  to  proposed  stan- 
dards to  warrant  further  study.  Similar  modeling 
Is  underway  for  the  O'Hare  and  JFK  airports. 


DURING  THE  PAST  TEN  YEARS,  a number  of  agencies 
and  groups  concerned  with  the  air  quality  Impact 
of  major  airports  have  undertaken  air  pollution 
monitoring  programs  as  well  <is  theoretical  stu- 
dies based  on  the  use  of  atmospheric  dispersion 
algoritlims.  Lorang  (1)*  recently  provided  an 
extensive  review  and  assessment  of  these  efforts 
while  Smith  (2)  has  summarized  the  characteristics 
of,  and  approximations  used  In,  the  major  elr 
quality  models  used  In  the  studies  Smith  observes 
that  the  "Argonne  Airport  Vicinity  Air  Pollution 
HoUcl  (AVAF) (3)  is  the  most  sophisticated  code  yet 
developed  for  predicting  the  impact  of  all  sources 
at  commercial  airports.'  1.  .;vertheless , the  AVAP 
code  contains  a number  of  assumptions  and  approx- 
imations ‘hat  mS''  require  revision  as  new  informa- 
tion becomes  av.  ^^ible  regarding  emissions  inven- 
tory detail,  aircraft  operations,  and  plume  dyna- 
mics . 

This  paper  describes  a simulation  of  the  air 
quality  impact  of  aircraft  at  and  around  Los  Angeles 
(LAX)  Internation-1  Airport  during  hours  of  peak 
aircraft  operation  and  under  the  most  adverse  dls- 
, pe/ slon  conditions  anticipated  for  those  hours; 
no  at  empe  is  made  to  include  the  effect  of  nonair- 
craft sources.  Similar  simulation  studies  are 
undorwa”  for  O' Hare  (ORD)  and  John  F.  Kennedy  (JFK) 
Internal  onal  Airports,  but  modeling  results  are 
not  yet  available.  Data  from  a short  field  pro- 
gram at  the  three  airoorts  are  also  presented  here. 

A detailed  report  on  the  studies  for  the  three  air- 
ports is  in  preparation.  (A) 


Updates  and  refinements  used  In  the  present 
AVAP  assessment  are  based  on  recent  literature  as 
well  as  the  results  of  the  field  program  and  in- 
clude : 

• Use  of  updated  aircraft  ei.glne  emission 
factors.  (5) 

• Direct  Input  of  the  hourly  number  of  aircraft 
departures  by  aircraft  type.  Thu  new  com- 
puterized Official  Airline  Guide  (OAG)  per- 
mits easy  access  to  this  previously  difficult- 
to-obtain  qu.antity  and  eliminates  the  need 

for  estimating  departures  based  on  the  time 
history  of  arriving  aircraft. 

• Inclusion  of  plume  rise.  Plume  rise  as  ob- 
served in  single-tower  Dulles  experimenfs  (6) 
was  input  for  the  taxl/ldle  mode.  The  plume 
rise  was  taken  as  AH(ft)  ■ 27.2  + 15.2/ ,''u(mph) , 
which  represents  an  average  for  all  aircraft 
types  observed.  No  plume  rise  was  considered 
for  the  other,  high-speed,  aircraft  modes. 

• Inclusion  of  enliunced  vertical  dispersion  due 
to  plume  rise.  The  vertical  dispersion  coef- 
ficient was  modified  by  the  relation 

(raodlf led)  " (original)  + (AH)^/10,  as 
suggested  by  Pasqulll.  (7) 

■ Realistic  modeling  of  the  aircraft  departure 
queue.  Departure  queue  length  and  tirae-ln- 
queue  were  input  based  on  the  field  program. 

• Use  of  revised  airport-specific  t Imes- in-mod e . 
Rising  fuel  costs  as  well  as  airport  geometry 
and  operational  mode  might  cause  time-in-mode 
factors  to  differ  from  the  previously  used 
factors  found  in  the  U.S.  EPA's  Compilation 
of  Air  Pollutant  Emieaion  Faotore,  AP-A2  (8). 

Other  refinements  used  in  or  along  with  the 
AVAP  computations  Include: 

• Use  of  the  Turner  (9)  time-dependent  disper- 
cioii  coefficients.  For  the  light  wind  situa- 
tions considered  in  this  paper,  these  coeffi- 
cients lead  to  substantially  more  rapid  dis- 
persion than  thb  Turner  (10)  distance- 
dependent  coefficients.  Considerable  evidence 
now  exists  to  support  the  choice  of  the  time- 
dependent  dispersion  approach  under  light 
wind  conditions. 

• Use  of  1/r*’  interpolation  between  grid  points. 
Pollutant  concentrations  (doses)  are  known 

ANuinbers  in  parentheses  designate  References  at  end 
of  paper 
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ti>  (all  oft  ultli  a pouur  ot  p D.'t  from 
lino  souroi-tt  aiid  p l.H  from  point 
suurcua.  L'so  ot  1 inoar  Intorpolai  ion  tundsi 
to  ovorcstimato  the  area  covered  bv  hinh 
concentration  contours  resultlnfi  from  lo- 
calized pollution  "hotspots."  The  average 
value  p “ (O.'i  r 1.8)/ 2 - 1.11  Is  used  in 
this  studv. 

FlKLl)  I’RIXIR/IM  RK.SUl.rS 

The  field  proKram  at  la\X,  ORD,  and  IHC  — con- 
ducted by  Dr.  Dounlas  G.  Smith  and  his  associates 
from  hnvirunmentai  Research  aiul  TcchnoioKy,  Inc. 
(ERT)  — consisted  of  several  days  of  observations 
(usually  from  the  airports'  control  towers)  ot 
aircraft  movements  on  the  ground.  These  observa- 
tions were  supplemented  bv  numerous  conversations 
with  tower  chiefs  and  operations  managers  to  deter- 
mine those  coiulitions  leading  to  the  greatest  quan- 
tity of  ground-level  aircraft  emissions.  Season, 
.l.iv  of  the  week,  time  of  d.iy,  and  meteorology  were 
t ound  to  be  the  moat  significant  factors  In  defin- 
ing these  "worst  case"  operational  conditions. 

Typical  t Imes-in-mode  are  given  in  Table  1 
for  departing  aircraft  and  in  Table  2 for  arriving 
.lircraft.  Since  most  of  the  sampling  periods  coin- 
cided with  the  |>uak  activity  hours,  the  laxi/idle 
and  queueing  times  listed  may  be  overestimates  of 
the  diurnal  average  times.  The  times  given  in  the 
\'nr '■  '.ut : on  Mi’  Foilutunt  ‘W/im '•  oi  y-vt  (H) 
are  Included  for  comparison. 


T.able  ^ presents  tlie  observeu  runway  usage  at 
the  three  airports.  It  should  be  noted,  however, 
tliat  these  airports  have  more  tlian  one  operational 
configuration  of  runway  use  and  that  the  percen- 
tages in  the  table  span  multiple  configurations. 

The  actual  runwav  .ind  taxiway  percentage  utiliza- 
tions by  ain'raft  class  for  the  configuration 
corresponding  to  "worst  case"  meteorological  aitd 
oper.at  lonal  conditions  will  be  presented  In  the 
final  report  on  this  work.  (4) 

The  diurnal  variations  in  aircraft  activity  at 
the  three  airports  are  presented  in  Table  4.  Tliese 
data  resulted  from  tabulation  of  operations  for 
August  A,  1977,  prepared  by  the  Federal  Aviation 
Administration  using  the  computerized  OAC  data 
ba.se.  It  should  be  noted  that  August  is  the  busi- 
est month  at  major  D..S.  airports  and  tl^at  Tliursday 
(e.g.,  August  4)  is  the  busies',  day  of  the  week. 

A finer  breakdown  for  each  of  the  12  aircraft  types 
considered  will  be  given  in  tlie  final  report  on 
these  studies.  (4) 

Observations  of  gate  usage  as  a function  of 
aircraft  type  and  taxi  speeds  as  a function  of  air- 
craft mode  (inbound  or  oulbound)  and  taxiway  seg- 
ment .ilso  were  made  and  will  be  LabulaLed  in  the 
final  report.  (4) 

AIRl’ORT- INDEPENDENT  MODEl.  INPl'TS 

AVAP  requires  rather  detailed  information  re- 
garding factors  that  determine  the  temporal  and 
spatial  distributions  of  pollul.ints  as  well  as  the 


Table  I - Typical  Time-in-Mode  for  Departing  Aircraft  (mins)* 


Aircraft 

Taxi/ Idle 

(Jueue 

Total* ** 

Ar-42 

Takeof  f 

JFK 

ORD 

LAX 

JFK 

ORD 

IjiX 

.IFK 

ORD 

LAX 

Al’42' 

.lumbo 

ii.isd)) 

7.39(9) 

6.89(33) 

3.38(5) 

8.27(6) 

3.11(33) 

19.00 

.69(4) 

.49(2) 

.63(31) 

.70 

Long  Range 

8.46(2) 

7.18(6) 

7.61(17) 

3.78(4) 

6.94(6) 

4.04(17) 

19.00 

.55(4) 

.56(4) 

.53(17) 

.70 

Med . Range 

8.29(3) 

7.00(16) 

4.22(41) 

2.92(2) 

6.27(16) 

4.75(43) 

19.00 

.63(2) 

.39(6) 

.53(44) 

.70 

* Number  of  aircraft  in  each  sample  Indicated  in  parentheses. 
**Includcs  taxi/idle  and  queue.;  from  Reference  8. 
t From  Relerence  8. 


Table  2 - Typical  Time-in-Mode  for  Arriving  Aircraft  (mins)* 


Roll 

Taxi/ Idle 

Total** 

Al>4,2 

Aircraft 

JITi 

ORD 

LAX 

JFK 

ORD 

LAX 

.lumbo 

0.84(18) 

1.00(1) 

0.80(24) 

6.78(18) 

17.00(2) 

5.42(21) 

7.00 

Long  Range 

0.61(18) 

no  data 

0.75(23) 

6.50(18) 

no  data 

3.06(19) 

7.00 

Med ium  Range 

0.60(22) 

0.56(3) 

0.68(51) 

5.32(22) 

6.72(4) 

2.96(43) 

7.00 

* Number  of  aircraft  in  eacli  sample  indicated  In  parentheses. 

**IncludG3  roll  and  taxi/ idle;  from  Reference  8. 
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- Obseivcd  Kunu.,  L’t  1 1 i /..n  loii  ( ' ) Table  -4  - lliiiiaa!  Varl4it!on  in  Alrputl  Aitlvll- 

(August  A,  ly?) 


Arr  i va 1 

s 

lK‘|i.irtiiri 

■ lirpui  i 

L 

Kunw.ij- 

. l^Sl2 

0 ' Hare 

(9  arr  lv.il  s. 

221. 

68 

T2H 

4 7 

Tb  departures 

27K 

1 1 

121. 

4 4 

observed) 

141. 

1 1 

271 

6 

Tohn  F.  Kenned  V 

I4K 

1 1 

W 

(58  arrivals, 

1 11. 

86 

1 11. 

n departures 

1 IR 

7 

1 IK 

8S 

observed ) 

221. 

5 

221. 

B 

l.os  Angt  les 

22R 

2 

2211 

0 

(80  .irrlvals. 

24R 

10 

24  U 

> 

90  dep.ir Lures 

241. 

10 

241. 

41 

observc'd ) 

25K 

■'<(' 

25K 

4'» 

2'tI, 

14 

251. 

y 

IjVX  data  fiMtii  NoiSl'.  Nftwork 

pr  i nLoiit  , t/  i 1 /7H 

.’4 

Jh 

74 

hrt 

li'lal  II1.IS-.  ol'  L'ln  1 MS  I c'HS  . T'.ible  ')  lists  tlu’  12  air- 
craft tyi’i's  ' iins  Iderod  la  tlu'  prcsi'iit  slimil.it  1 oils, 
aloiiK  with  iho  I'liHlni'  Lvpfi  and  mimbor  of  oukIiius 
for  oai'li  aircraft  Lyin'.  The  alrcralt  also  arc 
asslKiiud  a oLuss  designation,  which  Is  a consider- 
ation In  rnnwav/tax  Iwav  usane,  and  a r.inne,  which 
affects  aircraft  t lino- tn-inodi'  via  consideration  of 
relative  maneuverah  I 1 1 ly  on  the  firound.  The  einls- 
ylon  rates  of  the  11  Lviies  of  aircraft  engines  are 
f Lven  In  Tahle  b. 

MODEl,  ASSl'Hl’TlDNS  i\NI)  KKSlT.fS 

The  model  Iny,  results  obtained  for  LAX  are  pre- 
sented below.  SImflar  evaluations  for  OKI)  ami  .)  I'K 
.arc  underwav  and  wfll  be  described  in  the  final 
report  on  this  work.  (4) 

The  diurnal  cycle  of  aircraft  arrivals  and  de- 
partures at  I.AX  on  Aunnst  1977,  Is  Klver.  In  l•■l^’.  1. 
As  considerably  more  emissions  of  all  pollutants 
accompanv  a departure.  Hour  8 (08011-0900  PUT)  is  a 
likely  "wi  rsL  case"  hour,  with  Hours  17  and  1 I as 
possible  alternative  candidates.  However,  nieteoro- 


No . o_^  Ue  pa  r t a res/ Arr  1 v.7l  s 


Hour 

■IKK 

(mi) 

1^ 

00-01 

7/12 

2/j 

16/17 

01-02 

6/S 

a /I  5 

8/9 

02-01 

3/11 

9/v 

i/(. 

01-04 

5/4 

11/5 

4/1 

04-05 

4/0 

9/9 

2/5 

05-06 

^/5 

6/19 

2/4 

06-07 

3/1  1 

22/12 

11/13 

07-08 

14/17 

56/4  9 

13/24 

08-09 

21/18 

69/  50 

51/30 

09-10 

37/8 

4 9/64 

47/21 

10-11 

20/1  1 

68/57 

18/39 

11-12 

18/15 

69/58 

30/40 

12-n 

18/10 

49/65 

44/34 

13-14 

15/18 

63/66 

44/25 

14-15 

12/25 

78/79 

22/34 

15-16 

14/45 

71/52 

31/37 

1 6-1  7 

28/44 

54/71 

28/34 

17-18 

30/39 

67/68 

30/31 

18-19 

35/29 

69/58 

32/4  3 

19-20 

44/31 

6 1 /67 

3'/47 

20-21 

30/28 

55/67 

22/37 

21-22 

42/25 

47/31 

24/34 

22-23 

19/9 

18/16 

29/25 

23-24 

8/10 

12/18 

22/20 

lop,  leal  considerations  rule  out  Hours  12  and  IT;  a 
moderate  sea  breeze  usually  develops  by  this  time 
of  day,  resultinp  in  rapid  dispersion.  Hour  8,  on 
the  other  hand,  is  probably  the  lust  hour  of  the 
inornlnR  for  which,  in  August,  one  would  have  the 
light  wind,  surface-bused  inversion  condifions  (11) 
that  could  lead  to  sericuis  air  pollution. 

Hour  8 is  thus  selected  as  the  "wor.st  case" 
hour  with  asHiimed  "worst  case"  meteorological  con- 
dll  Ions  consisting  of  E stability,  a 350-ft  mixing 
depth  (12),  and  a 2-knot  wind  with  direction  as 
yet  nnspei:  i I 1 ed  . 


Table  5 - Aircraft  Clnsslf  Icntion  Scliome 


Ikinpe 


iiii'-: 

A 1 rcra  f 1 

01  ass 

(ml  U'H^^ 

1 

747 

• lumbd/wltle  bodv 

5, 000-8,  ()()() 

2 

1.101  1 

■ Itimbi  wide  body 

5,000-8,000 

3 

UClU 

,Jumbo/wide  body 

5,000-8,000 

4 

1)11 

.lumbo/wlde  body 

5,000-8,000 

5 

707,008 

hong-range 

3,000-5,000 

6 

7 27 

Med  iuin-r  angc 

1 ,000-3,000 

7 

737,  009,  nil 

Med  luni-rnnge 

1 ,000-3,000 

8 

DC 3, PAN,  0N4 

Turboprop 

1,000-3,000 

9 

I.OK,  1)1111 

Turl>oprop 

1,000-3,000 

10 

FKF,  t:V.5,  FK7 

Turboprop 

1,000-3,000 

11 

HIM,  OUT,  SUM, 

Nl)2,  OlIH,  lll'ig 

S'niill  turboprop 

<1  ,000 

12 

OAF 

SiiiuU  turboprop 

<1,1  10 

Engine  llanul  ucturei 

INO,  uT 

Auxiliary 

and  Model  Number 

KiiHineH 

Power  Unit 

Pratt  & Wliltncy,  .TT9I)-/ 

4 

yes 

Rolls  Royce,  RI1-2I1-22B 

1 

yes 

tlcner.il  Electric,  CF6-6D 

3 

yes 

General  Electric,  (:E6-50C 

3 

yes 

Pratt  6 Whitney,  JT3U-/ 

4 

no 

Pratt  & Whitney,  .TT8lf-17 

3 

yes 

Pratt  S.  Whitney,  .IT8L)-17 

2 

yes 

AVCO  hycoining,  Tl  1)540  '’282 

'» 

no 

Garrett  AiResenre.h,  'rpi  /31-2 

no 

Ro  1 1 s Royce,  Rl)a/ 

?. 

no 

Pratl  6 Whitney,  PTOA-27 

2 

no 

Ge.ne.rnl  Electric,  700-21) 

? 

no 
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I.ililc  •>  ' flnlssloii  Kali'h  .>1  Alr<rjlt  KnKlncH* 


Knglni’  Manufacturer 


aiid  1 

1 .txi/  Idl. 

Kaiui  TakO“<Tf  f 

Carbon  Monuxldo 

Apprn.u  li 

ri  ir.bout 

I’r.itt  Whitntv,  .Iiyo-/ 

142.2 

9 } . A 

1.2 

hU  ,b 

I’r.itt  A Uhllm-v,  IT  Hi- 7 

140..S 

96.  i 

9.0 

60.1 

15.6 

Roll;.  Koyce,  RB-211-22H 

H7.t. 

9K.  9 

'».  *> 

9 1.8 

14.9 

(.c’Uor»i  1 Kivu;  t r Ir  , CF()-!>(JC 

88.0 

0.  ■* 

22.; 

4.7 

(■oiu'i  .il  I'lurtric,  (!K6“(>I) 

: 

•4  <«  . < 

8.  1 

2 1.2 

6.8 

Pr.itL  a Uhitnev,  .1180-17 

\<:i  ' 

28 . 

7.0 

20.2 

7.9 

Kt'Hs  Kovcv;,  RDa/* 

27.  1 

4.8 

21.^ 

4 . 3 

(.arrett  AlKebearch,  TI’F7il-2 

1 1 

8.6 

1.9 

9. 5 

1 .8 

Pr.itL  .‘i  Wiiitncv,  PT*>A-*!7 

5.  3 

0.'. 

4.9 

0.5 

Ci'ileral  Klectrlc,  700-20 

AVCO  l.ycomlng,  TI05A0  .12112 

65.7 

129.4 

57.  a 

J74. 5 

Hvdroiarbons 

57.0 

125.4 

58.1 
300. 8 

Pratt  Whllnev,  .IT90-7 

55.  1 

J . 0 

0.8 

U 

1 . 1 

Pratt  i.  Whltnev,  iTlO-7 

124.6 

7 7.0 

5.0 

6.5 

3.  i 

Rolls  Rovee,  RB-2U-22B 

100.1 

12.2 

29.1 

32.2 

8.  i 

ilonural  Klcu'trir,  CKb-SOC 

16.2 

21  .8 

0.2 

0.1 

0.2 

KlectrU:,  CKh-6D 

21  .8 

16.2 

8.3 

7.0 

u.H 

Pratt  t,  Whitney,  .IT80-17 

10. 1 

().i 

0.5 

1 .4 

0.4 

Riill.s  Koyce,  RUa7 

25.5 

17,4 

8,8 

0.0 

2.1 

Carrelc  AlResearch,  TPF731-2 

4.1 

2.7 

0.1 

1 . 5 

0.1 

I'ratt  .“i  Wliltnov,  PT6A-27 

5.8 

3,5 

0.0 

0.5 

0.0 

Cenur.'ii  ICluctrlc,  700-20 

8.3 

5,2 

0.3 

1.3 

0.2 

AVCO  l.ycumliig,  TIO540  .12112 

1.7 

2.0 

3.2 

1.3 

3.4 

OxlJes  of  Nitroijen 


Pratt  4 Whitney,  .IT9l)-7 

5.73 

123. 14 

474.60 

35.25 

282.30 

Pratt  f.  Wliltney,  JT3D-7 

2.23 

34.29 

126.40 

16.35 

78.60 

Hulls  Ruycu,  RJl-211-2211 

5.31 

129.31 

504.10 

32.26 

iOi  .90 

Ccneral  F.loctric,  CF6-50C 

3.02 

171.29 

67(1.95 

52.80 

'162.20 

Oeneral  Flectric,  CF6-61) 

4.88 

121 .77 

467.50 

41.54 

309.20 

Pratt  {.  Whitney,  JT80-17 

3.91 

53.94 

202.06 

19.39 

123.40 

Roils  Royce,  RDn7 

0.29 

2.31 

8.51 

0.57 

5.55 

Garrett  AlResearch,  TPF731-2 

0.54 

8.05 

29.80 

3.59 

7.18 

Pratt  f,  Wliltney,  PT6A-27 

0.28 

1.25 

3.32 

1 .80 

2.80 

General  Klectrlc,  700-2D 

0.82 

4.26 

14.60 

1 .65 

9.98 

AVCO  l.ycomlng,  TIC540  J2B2 

0.01 

0.05 

0.09 

0.13 

0.05 

*A11  emission  rates  except  those  for  landing  are  from  Reference  5.  The  landing 
emission  rates  are  computed  by  assuming  that  the  landing  operation  consists  of  f>0Z 
Idle,  2^7,  takeoff  tlirust  (l.e.  , tlirust  reversers) , and  1 6%  approach  thrust  (to 
ai:count  for  the  spool  down/up/down  cycle). 


Rlgure  2 depicts  tlie  major  aircraft  line 
sources  at  i,AX,  Including  runways,  taxiways, 
rpieueing  segments,  and  terminal  zone  connectors. 

A breakdown  of  the  Hour  8 aircraft  emissions  by 
line  source  type  Is  given  In  Table  7.  Comparison 
of  the  ground  level  figures  with  the  automotive 
emission  rates  in  Heference  8 suggests  that  the 
airport  aircraft  equivalent  in  number  of  cars  is 
~500  at  idle  for  carbon  monoxide  (CO)  , =2600  at 
idle  for  total  hydrocarbons  (TIIC) , and  =8C0  at 
^5  raph  for  oxides  of  nitrogen  (NOx) . 

AVAR  computations  were  performed  using  a 0.25 
mile  receptor  grid  (note  that  Fig.  2 has  a super- 
imposed 0.5  mile  grid)  for  wind  directions  of 
0 - 360“  (Fig.  3),  a - iOO”  (Fig.  A),  and  0 - 270“ 
(Fig.  5).  The  west  (0  “ 270°)  wind  computations 
were  then  redone  (Fig.  6)  for  the  eastern  portion 


of  the  southern  runway  complex  to  show  the  result 
of  using  increased  grid  resolution  (0.05  mile).  It 
should  be  noted,  however,  that  tlte  light  winds  in 
the  morning  are  almost  always  from  the  east  and 
rarely  from  the  west  or  north. 

The  major  inferences  to  be  drawn  from  Figs.  3- 
6 and  from  accompanying  Isopleths  (not  shown)  for 
THC  and  NO  are  summarized  in  Table  8.  Maximum 
hourly  average  carbon  monoxide  concentrations  are 
found  to  be  low  compared  to  the  National  Ambient 
Air  Quality  Standards  limit  of  35  ppm.  Hydrocarbon 
levels  of  a few  ppm,  while  not  a direct  licalth 
hazard,  are  high  compared  to  the  6-9  a.m,  guideline 
value  of  0.2A  ppm.  The  area  covered  by  the  0.25 
ppm  THC  contour  is  estimated  to  be  several  times 
the  airport  urea,  so  that  aircraft-contributed 
hydrocarbon  emissions  may  indeed  aggravate  oxidant 
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Fig,  1 - Hourly  numbor  of  arrivals  and  departures 
at  LjVX  versus  hour  of  the  day 


Table  7 - Summary  of  Aircraft  Emlssluns 
for  Hour  8 (0800-0900  I’DT)  at  LAX 

Emissions  (10^  lbs) 
Location  CO  THC  NOy 


Runways 

0.04 

0.02 

0.44 

Taxlways 

1.47 

0.80 

0.08 

Queue 

1.28 

0.74 

0.07 

Terminal 

0.38 

0.18 

0.04 

Total  on 

ground 

3.17 

1.74 

0.63 

Approacli 

and  climbout  O.IA 

0.02 

0.81 

Total 

3.31 

1.76 

1.44 

problems  in 

the  airport 

vicinity. 

Finally, 

, NO^ 

values  are  comparable  to  the  potential  nitrogen 
dioxide  (NO;)  hourly  standard  of  0,2-0. 5 ppm,  which 
suggests  a more  detailed  look  at  tlie  NO;  situation 
either  observationally  or  via  .nodels  that  include 
ozone  limitation  of  the  reaction  NO  + O3  NO;  + 0; 
and  NO;  photolysis. 
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North  terminal  area 
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from  leading 

line  source 
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Klg.  3 - CU  concentration  ifioplotlis  (ppm)  from  aircraft  operations  at  lAX  for  hour  8 
assuming  E stability,  a 350'  mixing  depth,  and  a 2 knot  wind  from  the  north  (n  • 360’)  - 
grid  size  ■ 0.25  miles 


1 1 1 1 1 1 1 T-  - I I I [ 1 1 — 1 — 

Fig.  4 - CO  concentration  isoplctbs  (ppm)  from  uJrcraft  opcratioiiK  at  I.AX  for  liour  8, 
assuming  li  stability,  a 350'  mixing  depth  and  a 2 knot  wind  from  the  oast  (0  “ 100’)  - 
grid  size  - 0.25  miles 
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Fir,-  - CO  ronceiitration  laopleths  (ppm)  from  aircraft  operations  at  LAX  for  tiour 
asauming  E stability,  a 350'  mixing  depth,  and  a 2 knot  wind  from  the  west  O - 270°) 
grid  size  - 0.25  miles 


.0/4.5/  4.0, 


3.5  / 3.0 


Fig.  6 - CO  concentration  laopleths  (ppra)  from  aircraft  operations  at  LAX  for  hour  8 
assuming  E stability,  a 350'  mixing  depth,  and  a 2 knot  wind  from  the  west  (0  « 2/0° 
grid  size  - 0.05  miles 
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DISCUSSION 

PASQUILL:  I don't  think  this  can  be  resolved 

here  today.  I ao  myetificd  at  thle  reference  to 
the  use  of  time-dependent  sigmas.  You  remind  me 
by  referring  to  it  that  1 talked  to  Bruce  Turner 
about  this  two  or  three  years  ago.  I think  there 
is  something  quite  mystifying  about  the  fact  that 
one  claims  to  get  different  sigmas  as  one  con- 
siders the  distance  of  travel  or  the  time  of 
travel  because,  after  all,  any  of  these  estimates 
are  basically  for  a receptor  at  a fixed  distance 
from  the  source. 

You  can  perfectly  reasonably  then  transform  that 
into  a time  of  travel  by  putting  in  the  wind  field, 
but  the  two  must  be  consistent.  I find  it  quite 
mystifying  if  you  take  either  a distance  of  travel 
or  a time  of  travel,  you  get  a very  different  signa. 

YAMARTINO:  You  should  be  able  to  Just  substitute, 

T equals  X over  U. 

PASQUILL:  You  want  to  be  careful  about  the  U be- 
cause the  wind  varies  with  height.  The  two  should 
be  mutually  consistent. 

YAMARTINO:  As  the  wind  speed  goes  to  zero,  you  run 
into  problems  with  the  downwind  distance.  The 
whole  concept  of  00  becomes  rather  nebulous  because 
the  Oq  that  would  belong  In  a Gaussian  type  repre- 
sentation Is  no  longer  the  same  oe  you  would  get  If 
you  measured  It  In  the  field.  In  fact,  the  Og 
would  go  to  Infinity  In  order  to  get  an  isotropic 
distribution. 

There  are  all  kinds  of  problems  that  seem  to  come 
In  as  you  let  the  wind  speed  go  to  zero.  I don't 
think  enough  has  been  done  at  the  low  wind  speeds 
or  enough  in  terms  of  experimental  efforts.  Yet 
regulatory  agencies  always  insist  that  the  simula- 
tions be  done  at  these  low-wind-speed  worst-case 
conditions. 

There  seems  to  be  a sort  of  a problem  there. 

PASQUILL:  I think  there  Is  a problem,  yes. 

ROTE:  Another  point  Is  worth  mentioning,  Frank, 
and  that  Is  Chat  as  you  know,  for  example,  with 
the  McElroy-Pooler  data,  these  coefficients  may 
not  be  completely  consistent.  The  reason  Is  that 
they  represent  Independent  fits  to  the  data. 

For  example,  if  you  look  at  downwind  distance 
dependence,  you  Ignore  wind  speed  except  for  the 
classification  by  Pasqulll-Clf ford  stability 
category,  and  you  have  a whole  lot  of  data,  and 
Chen  you  must  associate  a single  point  with  all 
that  data,  which  requires  some  kind  of  a least- 
squares  fitting  procedure. 

Now,  therefore,  when  you  end  up  with  a coefficient 
which  Is  not  necessarily  kinematically  consistent 
with  the  completely  different  fitting  prescription, 
that  rather  measures  the  travel  time  downwind  as 
opposed  to  downwind  distance. 


PASQUILL:  I accepted  that  you  make  different  rela- 

tions between  sigma  and  time  and  distance  because 
of  the  wind-speed  effect. 

What  I am  saying  is  that  since  basically  you  esti- 
mate of  sigma  is  cither  u measurement  of  the  posi- 
tion or  it  is  a theoretical  solution  which  would 
be  for  a given  position,  then  you  can't  alter  that 
by  looking  at  it  either  in  Che  time  or  distance 
frame,  if  you  relate  the  time  and  distance  frames 
consistently. 

ROTE:  I agree. 

ROTE:  I should  point  out  Chat  the  values  Bob 

showed  for  the  time-dependent  coefficients  were 
very  similar  to  Chose  obtained  by  HcElroy-Pooler 
in  the  two  cases.  The  HcElroy-Pooler  measurements 
were  performed  in  an  urban  environment. 

D.  SMITH:  A quick  clarification:  I don't  know 
if  you  isentloned  this  was  aircraft  only. 

YAMARTINO:  All  of  these  simulations  Involved 
aircraft  only.  There  were  no  axis  vehicles  or 
service  vehicles  of  any  kind. 
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ON  m DISCKilTK  ASl’KCT  OF  POLLUTION  JETS  FROM  AIRCRAFT  TAKEOFFS 


Ernest  batier 


Institute  for  Defense  Analyses 
ArllnRton,  Vlrslnla  22202 


Consider  the  prohlem  of  a runway  with  N eom- 
merclal  operations  per  hour.  The  (NO^  or  particu- 
late) pollution  Is  measured  at  a distance  (1 
mile,  or  l.S  ka)  downwind  from  the  startlnft  end  of 
the  runway,  and  one  asks  under  what  conditions  the 
pollution  may  be  described  as  a continuous  source 
rather  than  as  a series  of  separate  puffs. 

The  answer  depends  not  only  on  N,  Xq,  and  the 
effective  wind  speed  u,  but  also  on  the  behavior  of 
downwind  dispersion  Oj((t).  Here  one  may  use  the 
result  of  Draxler  (1),  who  provides  the  first  ex- 
plicit data  on  o^(t)  In  the  form 

/ , , , 1.3  (0  In  meters,  t In  minutes, 

K ' for  times  10  minutes  to 

several  hours)  (1) 

Alternately  one  could  use  existing  data  on  cross- 
wind  dispersion  ay(t)  — see,  e . r ..  Reference  (2), 
with  t " x/u,  or  Reference  (3),  with  the  approxi- 
mate relation 

o^(t)  - A ay(t)  . A ' 1 (2) 

which  has  been  used  extensively,  and  Rives  results 
that  are  rather  similar  to  Eq . (1). 

Commercial  jet  operations  will  tend  to  be 
spaced  uniformly,  so  that  the  averaRO  Interval  be- 
tween takeoffs  will  be  (60/N)  minutes,  or  2.4 
minutes  for  N - 25/hour.  As  the  enRlne.s  are  run 
up  to  takeoff  thrust  at  the  end  of  the  runway,  tin- 
NO^  and  particulate  emissions  Increase  drastically; 
the  emission  rate  In  kg/sec  remains  constant,  but 
because  of  the  acceleration  of  the  aircraft  tlie 
effective  emission  in  kg/meter  starts  off  at  a very 
high  value,  then  falls  off  Inversely  with  speed  as 
the  airplane  accelerates,  giving  rise  to  a puff 
with  a sharp  starting  edge  and  a gradual  tailing 
off.  Let  us  assume  an  effective  puff  duration  of 
15  seconds  (0.3  - 0.5  of  the  takeoff  run)  and  a 
wind  speed  u « 3 m/aec  (6  knots)  . 

It  takes  Xq/u  for  the  exhaust  puff  from  a 
single  takeoff  to  travel  a distance  Xg  downwind; 
for  the  present  parameters,  x^  - 1500  ni,  u » 3 m/sec, 
this  is  8.3  minutes,  and  thus  from  Eq.  (1)  at  the 
monitoring  station  the  length  of  the  puff  will  be 
100  ra  for  a very  short  initial  puff,  or  200  m for 
a 50  m long  initial  puff  (initial  length  • (dura- 
tion) X (wind  speed)).  The  spacing  between  succes- 
sive puffs  Is  d “ u/N  or  430  m for  the  present  con- 
ditions, which  is  very  much  greater  than  the  mean 
width  of  the  puffs.  Accordingly,  the  puffs  ought  to 
be  treated  as  discrete  under  these  conditions,  if 
one  asks  for  the  Instantaneous  rather  than  the 
integrated  pollutant  dose. 

Evidently,  sufficiently  far  down  from  the  end 
of  the  runway  the  puffs  will  spread  out  so  that 


their  discreteness  Is  no  longer  significant;  thus 
from  Eq . (1)  Oj,  • d after  an  Interval  of  23  minutes 
from  the  takeoff,  or  at  a distance  of  3.4  - 4.1  km 
(2.0  - 2.f>  miles)  from  the  end  of  the  runway,  so 
that  at  distances  significantly  greater  than  this 
the  assumption  of  a continuous  source  Is  satisfactory. 

The  present  argument  clearly  does  not  depend  on 
the  precise  form  of  Eq . (1).  Further,  if  the  effec- 
tive wind  speed  Is  greater  than  6 knots  — c.g.,  if 
the  effective  speed  of  the  exhaust  Is  taken  into 
account  — the  puff  will  be  younger  and  hence  more 
discrete  when  It  passes  the  1 mile/ 1.5  km  point,  and 
thus  the  present  estimate  Is  conservative. 

I am  Indebted  to  Mr.  A.  J.  Broderick  for  asking 
the  question.  This  work  was  supported  by  the  Fed- 
eral Aviation  Administration  under  Contract  No.  DOT- 
FA-77WA3965. 
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ABSTRACT 


Peat,  Marwick,  Mitchell  U Co. 

San  Franc  1 SCO,  California,  U.S.A. 

AIRCRAKT  OPERATIONS 


Potential  roHuctlona  In  air  pollutant  emissions 
were  determined  for  four  strateKles  to  control  air- 
craft Ktound  operations  at  two  case  study  airports, 
Los  Anseles  and  San  Francisco  International  Air- 
ports. Safety,  cost,  and  fuel  savings  associated 
with  strategy  implementation  were  also  examined. 

Two  strategies,  aircraft  towing  and  shutdown 
of  one  engine  during  taxi  operations,  provided 
significant  omission  reduction.  However,  there  are 
a number  of  safety  problems  associated  with  aircraft 
towing.  The  shutdown  of  one  engine  while  taxiing 
was  found  to  be  the  most  viable  strategy  because 
of  substantial  emission  reductions,  cost  benefits 
resulting  from  fuel  savings,  and  no  apparent 
safety  problems. 


THE  REDUCTION  OK  AIR  POLLUTANT  EMISSIONS  AT 
MAJOR  AIRPORTS  has  been  an  area  of  concern  for  many 
regulatory  agencies  responsible  for  developing 
strategies  to  achieve  cleaner  air.  The  control  of 
aircraft  emissions  has  received  considerable  atten- 
tion as  a potential  means  of  reducing  airport-re- 
lated emissions.  However,  the  major  focus  has 
been  on  controlling  emission  rates  from  aircraft 
engines,  which  has  resulted  from  the  requirements 
of  the  Clean  Air  Act  Amendments  of  1970  (1).** 

Recently,  the  California  Air  Resources  Board 
funded  a study  to  evaluate  potential  strategies  to 
reduce  aircraft  emissions  beyond  the  degree  of  con- 
trol obtained  from  federal  regulation  of  engine 
emissions  (2).  The  primary  objective  was  to  deter- 
mine reductions  which  could  be  achieved  by  con- 
trolling aircraft  ground  operations  at  Los  Angeles 
International  Airport  (LAX)  and  San  Francisco  Inter- 
national Airport  (SFO) . Safety,  cost,  and  fuel 
savings  associated  with  the  Implementation  of  these 
strategies  were  also  examined,  to  evaluate  the  via- 
bility of  a strategy.  Tills  paper  summarizes  the 
major  findings  and  methodology  of  the  study. 


*Mr.  Oellnas  performed  the  work  discussed  in  this 
paper  while  employed  with  AeroVlronment , Inc.  in 
Pasadena,  California, 

** 

Numbers  In  parentheses  designate  References  at 
end  of  paper. 


Alrcralt  operations  considered  In  the  study 
iiicludoiJ  commerc  ial -passenger  , commerc  I al -cargo , 
and  general  aviation.  Table  1 shows  the  dis- 
tribution of  average  day  current  operations  by 
aircraft  type  at  1*AX  and  RFO.  The  types  cf  air- 
craft operational  modes  included  departure  (idle, 
taxi,  takeoff)  and  arrival  (Idle,  taxi,  and 
landing) . 

Table  1 - Distribution  of  Average  Day 
Operations  by  Aircraft  Type 


Aircraft 

Number  of 

Aircraft 

Operat  ii 

1Z1>£ 

LAX 

SFO 

Commercial -Passenger 

B-71.7 

54 

34 

DC-10 

108 

38 

L-1011 

50 

24 

B-707 

118 

86 

DC-C 

46 

46 

B-727 

368 

282 

B-737 

78 

90 

DC-9 

56 

48 

Commuter 

204 

92 

Commercial -Cargo 

B-7A7 

36 

20 

DC-10 

36 

20 

General  Aviation 

.let 

118 

10 

Prop 

17  3 

134 

The  runway  and 

terminal 

configurations  of 

and  SFO  are  shown  In 

Figures 

1 and  2 . 

LAX  has 
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i onl  r i huL  ion  of  CO  and  THC  omissions  results 
i I om  tlu*  idlo  and  taxi  modos. 


Tabif  2 - Avoragu  Day  Aircraft  Emissions  and  Fuel 
I'so  for  tiasolina  Case 
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Kl^;.  2 - Runway  and  lurmlnal  i tin f 1 Rural  ion  at  SKO 

pair.s  oi  parallel  IndopondoiU  ruiiway.-r:  the  north 
runwavs  (hK-l!41.  and  61.-24R)  ; and  the  south  ninwayH 
(VR-^Sl.  and  71.-25R).  SRO  has  two  pairs  of  inter- 
seet  inR  runways!  runways  lOR-281,  and  10h-2HK;  and 
runways  11.-19R  and  IR-ISL.  At  i.AX , runways  241. /R 
and  25L/R  are  the  predominant  runways  which  are  used 
about  98  percent  of  the  time  for  arrivals  and  depart- 
ures to  the  west.  At  SFO,  runwavs  28I,/R  and  H./R 
are  used  for  arrivals  and  departures,  respectively, 
about  67  percent  of  the  time,  while  runwavs  28L/R 
are  used  fur  both  arrivals  and  departures  about 
26  percent  of  the  time.  Runway  useaRes  were  used 
to  develop  data  on  delay  (or  time  spent  in  idle 
mode) and  taxi  distances. 

BASlCLINi;  AIRCRAl'T  liMlSHIONS  AND  KUEl.  USE 

Both  cmls.slon.s  and  fuel  use  were  estimated  for 
each  mode  of  operation  and  each  type  of  aircraft 
for  an  averaRC  dav  of  the  year.  Tliree  pollutants 
were  considered  in  this  paper:  carbon  monoxide  (CO); 
total  hydrocarbons  (THC);  and  oxides  of  nltroRcn 
(NOx)  . The  followliiR  Information  were  used  to 
estimate  emissions  and  fuel  use;  number  of  enRlnes 
for  each  aircraft  type;  number  of  dally  operations 
for  each  aircraft  type;  time  spent  In  each  opera- 
tion mode;  and  emission  and  fuel  use  factors  for 
each  mode  and  aircraft  type. 

Taxi  times  between  the  terminal  and  runways 
were  developed  for  a typical  aircraft  arrlv'ng  and 
departing  during  an  average  day.  These  times  were 
estimated  for  each  terminal  using  measured  travel 
distances  and  average  taxi  speed  and  then  weighted 
by  number  of  operations  to  determine  the  average 
time.  Idle  times  were  estimated  from  delay/demand/ 
capacity  relationships  (3).  The  amount  of  time 
spent  in  pushing  back  from  the  gate  during  depart- 
ure was  added  to  the  departure  idle  time. 

Data  on  daily  aircraft  operations  were  obtained 
from  the  Federal  Aviation  Administration  air  traffic, 
control  tower  records  at  LAX  and  SFO.  Modal  emis- 
sion and  fuel  use  factors  were  obtained  from  a 
recently  published  ERA  technical  report  on  aircraft 
emission  factors  (4). 

Table  2 shows  the  resulting  average  day  air- 
craft emissions  and  fuel  use  for  the  baseline  case 
(without  strategies).  Tiie  moot  significant  percen- 
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For  NOx,  the  takeolt  mode  has  the  largest  contri- 
bution. Fuel  u!ie  appejirs  highest  during  takeoff, 
as  would  bi‘  expected.  Also,  departure  Idle  fuel 
use  appears  to  be  higher  than  arrival  idle  fuel 
use.  This  Is  due  to  the  longer  delay  time  when 
waiting  to  takeoff. 


STRATECY  EVALUATION 


Four  strategies,***  which  appear  to  be  poten- 
tially viable  measures  for  reducing  aircraft  emis- 
sions, were  evaluated.  They  are:  tow  aircraft 
between  runways  and  terminal  gates;  shutdown  one 
engine  during  taxi  operations;  control  the  time  of 
departure;  and  assign  aircraft  to  those  runways 
which  minimize  the  taxi  distance  between  the  gate 
and  rtinway.  The  first  two  strategies  have  been 
analyzed  in  previous  work  (5). 

For  towing  aircraft  at  LAX,  both  arrival  and 
departure  aircraft  were  considered.  Taxi  routes 
were  Identified  for  towing,  since  it  was  assumed 
that  towing  would  not  be  Implemented  over  short 
distances.  At  SFO,  only  departures  were  considered 
since  arrivals  turn  off  the  runway  a short  distance 
from  the  terminal  gates.  Also,  it  was  assumed  that 
tractors  currently  being  used  would  continue  to  be 
used  for  this  type  of  towing.  These  emissions  and 
fuel  use  from  the  tow  tractors  were  subtracted  from 
the  aircraft  reductions  to  determine  the  actual 
savings. 

Thu  strategy  to  shutdown  one  engine  was  assumed 
to  apply  to  all  commercial-passenger  and  cargo  air- 
craft. In  order  to  attain  the  same  taxi  speed 
that  Is  normally  accomplished  wltli  all  engines 
operating, these  aircraft  must  operate  their  remain- 
ing engines  at  a higher  power  setting.  Changes  In 
power  settings  affect  the  engine  emission  rate. 

Data  for  the  ,)T3D  engine  (type  used  by  B-727)  were 
used  to  adjust  aircraft  iTiitsslon  rates  and  obtain 
new  e!ulBsion  and  fuel  use  factors  for  each  aircraft 
type.  These  new  factors  and  the  exclusion  of  one 


***A  number  of  other  strategies  were  considered  In 
the  study  n:id  were  found  to  be  less  viable  than  the 
four  strutegie.s  presented  In  this  paper. 
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engine  were  used  to  estimate  new  Idle  and  taxi 
emissions  and  fuel  use. 

Tlie  strategy  to  control  departure  tliiu’  would 
reduce  delay  during  the  peak  departure  period  by 
minimizing  the  time  alrc.nft  spend  Idling  In  a 
queue.  Various  techn hpies , sucli  as,  gate  holds  and 
sequencing  aircraft  depf,i  tures  would  be  used. 
Km.sslons  and  fuel  use  were  estimated  for  the  peak 
departure  periods.  It  was  determined  that  this 
strategy  would  reduce  delay  during  this  period  by 
about  one-half.  Therefore,  savings  amounted  to 
one-h.ilf  of  the  peak  period  values. 

The  assignment  of  departing  aircraft  to  run- 
ways was  determined  not  to  be  applicable  to  SKO. 
This  was  due  to  the  location  of  the  runways  rela- 
tive to  the  terminal.  For  this  strategy  to  be 
eftectlvc  at  LAX,  the  strengthening  of  the  Sepul- 
veda Blvd.,  lunnei,  over  which  the  south  runways 
are  built,  would  be  required.  Under  existing  con- 
ditions, takeoff  and  landing  on  the  south  runways 
are  restricted  to  aircraft  weighing  more  than 
125,000  pounds.  This  strategy  would  change  the 
number  and  mix  of  aircraft  on  both  the  north  and 
south  runways  at  LAX.  The  emissions  and  fuel  use 
resulting  from  this  new  distribution  of  operations 
were  compared  to  the  baseline  case  to  determine  the 
savings. 

No  apparent  safety  problems  or  adverse  cost 
Impacts  would  be  associated  with  the  shutdown  of 
one  engine  and  the  control  of  departure  time. 
Although  no  apparent  safety  problems  would  result 
from  the  as.slgnment  of  runways,  the  high  cost  of 
the  south  runway  reconstruction  would  result  In 
adverse  cost  Impact.  However,  some  of  this  con- 
struction cost  would  be  offset  by  a savings  In  fuel 
cost . 

A number  of  safety  problems  are  associated 
with  aircraft  towing,  bxaraples  of  tliese  problems 
are:  reliability  of  the  nose  gear  under  continual 
stress  of  long-distance  towing;  lilfflculty  In  en- 
gine startup  under  adverse  wind  conditions;  and 
adequate  space  near  the  runway  for  coupling  and  un- 
coupling aircraft  to  the  tow  tractor. 

An  estimation  of  the  total  costs  required  to 
Implement  towing  of  aircraft  was  not  prepared. 
However,  the  resulting  savings  In  annual  fuel  cost 
were  estimated  to  be  $5  million  for  LAX  and  $2 
million  for  SFO. 

SUMMARY  AND  CONCLUSIONS 

Table  3 presents  a sununary  of  the  percentage 
of  emission  reduction  and  fuel  savings  estimated 
for  each  strategy.  (The  results  for  each  strategy 
should  be  coneidered  separately  and  not  combined  or 
added . ) 


Table  3 - Summary  of  Emission  Reductions 
and  Fuel  Savings  Estimates 


balaaloit  K^ductloii  (2) 
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Two  strategies,  aircraft  towing  and  shutdown 
of  one  engine,  provided  the  most  significant 
emission  reductions  (about  25  to  50  percent  for 
CO  and  THC)  . However,  the  engine  shutdown  stra- 
tegy could  cause  a ollght  Increase  in  NOx  emis- 
sions. The  strategy  to  assign  runways  provided 
a reduc!tion  of  approximately  15  percent  In  CO  and 
THC  emissions  at  LAX.  None  of  the  strategies 
reduced  NOx  emissions  more  than  5 percent.  Th.e 
strategy  to  control  departure  time  did  not  provide 
a substantial  reduction  of  emissions. 

Although  aircraft  towing  would  liave  a number 
of  associated  safety  problems,  It  provided  a sig- 
nificant savings  in  fuel  (about  20  to  30  percent). 
Assignment  of  runways  at  LAX  could  provide  some 
fm:l  savings  (10  percent),  but  the  cost  required 
for  construction  would  be  substantial. 

The  strategy  to  shutdown  one  engine  while 
t.axllng  was  found  to  be  the  most  vioble  of  the 
four  strategies  evaluated.  It  provided  slgnlticant 
emission  reductions  with  cost  benefits  resulting 
from  a fuel  savings  and  had  no  apparent  safety 
p rob  1 eins . 

The  findings  presented  In  this  paper  for  LAX 
and  SFO  could  be  generalized  to  other  major  air- 
ports wltli  similar  runway  and  terminal  configura- 
tion, number  of  aircraft  operations,  and  typuo  of 
aircraft. 
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GEL  I NAS  and  FAN 


LINDENHOFEN : With  regard  to  towing,  did  you 
calculate  tractor  emissions,  and  Is  that  Included  In 
the  reduction? 

GELINAS:  We  did  calculate  emissions  from  the  trac- 
tor during  the  towing  and  we  subtracted  that  from 
the  emission  reductions  that  you  attain  from  shut- 
ting down  all  the  engines. 

GOODMAN:  I have  three  questions  and  one  coiment. 

I may  have  missed  it  on  one  of  your  slides,  but  how 
much  taxi  time  with  engines  operating  or  idle  time 
did  you  assume  in  both  the  baseline  and  the  various 
strategy  cases,  particularly  the  towing,  on  the 
one-engine-shutdown  cases? 

GELINAS:  The  taxi  time  or  the  Idle  time,  which  one 
are  you  talking  about? 

GOODMAN:  The  sum  of  the  two. 

GELINAS:  The  taxi  times,  of  course,  were  dependent 
on  which  terminal  area  you  were  leaving  from,  and 
taxi  times  ranged  anywhere  from  one  and  a half 
minutes  to  somewhere  In  the  order  of  nine  minutes. 
Idle  times  on  departure  were  effectively  related 
to  the  capacity  of  the  runway  and  the  demand,  the 
number  of  aircraft  that  were  trying  to  take  off, 
and  that  varied  during  the  day.  We  estimated  hour 
by  hour. 

GOODMAN:  That  was  the  baseline  case.  What  about 
the  towing  and  the  one-engine-shutdown  strategies? 

GELINAS:  We  didn't  really  look  at  the  time  It 
inuld  take  for  an  aircraft  to  be  towed.  We  didn't 
consider  that.  We  did  consider  emission  reduction 
during  the  taxi  procedure,  but  we  didn't  look  at 
the  additional  time  required  to  get  the  airplane 
off  the  ground. 

GOODMAN:  How  long  did  you  assume  that  the  engines 
operated  after  startup? 

GELINAS:  We  did  Include  a startup  (or  warmup)  time 
of  two  minutes  when  they  got  to  the  end  of  the  run- 
way and  turned  on  their  engines.  That  was  In- 
cluded In  the  Idle  time. 

GOODMAN:  I would  just  comment  that  about  five 
minutes  has  commonly  been  assumed  to  be  necessary 
for  temperature  stabilization  and  equalization 
throughout  the  engine.  Otherwise,  there  could  be 
a maintenance  cost  Impact,  which  perhaps  was  not 
taken  into  account.  I'm  not  sure  that  anybody  has 
quantified  It,  but  It  must  be  considered. 

GELINAS : I think  we  were  told  that  two  minutes  was 
sufficient  to  warm  up  the  engines,  to  start  them  up 
and  warm  them  up. 

GOODMAN;  The  second  question  I had  was  what  towing 
speed  did  you  assume,  using  existing  tugs? 

GELINAS:  The  tugs  traveled  at  15  miles  per  hour 
on  the  average.  Including  the  trip  out  cowing  an 
aircraft  to  the  end  of  the  runway,  and  then  the 
return  without  an  aircraft. 


GOODMAN:  Did  you  calculate  the  effects  of  the 
possible  reduction  In  aircraft  effective  taxi  speed 
on  the  total  airport  capacity  at  these  peak  periods? 

GELINAS;  No,  we  didn't  look  at  that  problem. 

GOODMAN;  The  reason  I asked  the  question  Is  that. 

In  consultation  with  airport  authorities,  we  have 
assessed  there  would  be  quite  a reduction  in  the 
capacity  if  you  follow  this  procedure  at  a peak 
hour.  That  could  be  quite  dramatic. 

GELINAS:  The  scope  of  the  study  Included  some  19 
strategies.  Obviously  we  couldn't  spend  a lot  of 
time  looking  at  towing,  so  we  made  certain  assump- 
tions and  we  didn't  get  into  any  big  capacity/ 
delay/demand  models  to  determine  the  effects  of  all 
these  timing  factors  on  the  operations  at  the  air- 
ports. 

GOODMAN:  That  finishes  the  questions.  My  comment 
Is  that  you  seemed  to  have  assumed  that  there  were 
no  safety  aspects  to  do  with  remote  startup.  You 
have  addressed  the  safety  aspects  of  towing  the 
airplane,  the  nose  gear  and  so  on,  but  we  do  have 
some  concern  about  the  need  for  extra  precautions 
if  you  are  going  to  start  the  aircraft  engines  up 
at  remote  points,  especially  at  the  beginning  of 
the  runways  and  so  on.  There  Is  a need  for  fire 
protection  equipment  to  be  located  there,  and  this 
could  have  quite  a significant  economic  Impact  even 
If  you  overcome  the  safety  aspects. 

GELINAS:  I think  I did  mention  that  there  was  a 
difficulty  In  engine  startup  at  the  end  of  the  run- 
way, and  this  was  basically  due  to  problems  with 
adverf  wind  directions,  depending  on  how  the  air- 
craft as  facing. 

GOODMAN:  I got  the  impression  you  were  talking 
about  technical  problems  rather  than  safety  prob- 
lems. 

GELINAS:  Okay. 
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abstract 

Air  quality  levels  due  to  emissions  from  a 
proposed  jatport  in  Lake  Erie  near  Cleveland 
were  eva'^uated  for  the  year  2000  using  a diffusion 
model  for  simulating  airport  operations.  Contri- 
butions to  air  quality  due  to  emissions  from  the 
jetport  alone  were  found  to  be  well  below  national 
standards  at  all  locations  investigated,  including 
locations  within  the  jetport  itself,  and  negli- 
gible in  comparison  to  concentrations  due  to 
non-airport  sources  at  locations  in  the  city  of 
Cleveland. 


A STUDY  WAS  UNDERTAKEN  between  May  and  August, 

1976  to  evaluate  the  impact  on  air  quality  of 
a proposed  airport  site,  to  be  located  offshore 
of  Cleveland  in  Lake  Erie.  Existing  air  quality 
levels  and  projected  air  quality  levels  for  the 
year  2000,  with  and  without  the  proposed  airport, 
were  analyzed. 

A prel in- inary  analysis  of  air  quality  effects 
in  the  vicinity  of  the  Cleveland  lakeshorc  was 
made  to  select  a site  for  more  detailed  evalua- 
tion (D*.  In  this  analysis  the  possible  impact 
of  an  offshore  airport  on  the  nearby  urban  shore 
and  the  possible  Impact  of  urban  polllution  on 
the  offshore  airport  were  considered.  Bath  con- 
ventional wind  patterns  and  lake  breeze  cells 
were  analyzed.  It  was  concluded  that  if  the 
airport  were  located  six  miles  from  the  shore- 
line, there  would  be  sufficient  dilution  of 
pollutants  in  travelling  between  the  two  locations 
to  minimize  the  Impact  of  either  area  on  the 
other. 


•Numbers  in  parentheses  designate  References  at 
the  end  of  the  paper. 


METHODOLOGY 

Two  models  were  used  to  estimate  air  quality 
levels.  One  model,  the  Sampled  Chronological 
Input  Model  (SCIM),  was  used  to  estimate  the 
effects  of  non-airport  related  emissions 
associated  with  industrial  and  transportation- 
generated  emissions.  The  other  model,  the  GEOMET 
Airport  Model  (GAH),  was  used  to  estimate  the 
effects  due  to  airport  and  airport- related 
emissions.  Results  from  the  two  models  were 
overlaid  to  obtain  the  resultant  air  quality  from 
all  sources.  Special  modifications  were  made 
to  the  outputs  of  these  models  to  account  for 
the  Influence  of  the  lake  breeze  tell. 

Non-Airport  Sources 

The  Sampled  Chronological  Impact  Model  (SCIM) 
was  used  in  this  study  to  generate  present  and 
future  baseline  air  quality  estimates.  This 
model  generates  statistical  distributions  of 
pollutant  concentrations;  has  been  extensively 
used  and  tested  against  other  models  and  data; 
does  not  require  calibration;  and  is  on-line  and 
ready  for  immediate  implementation  (2,  3,  4). 

SCIM  is  a regional  air  pollution  simulation  pro- 
gram, designed  to  provide  the  user  with  a method 
of  estimating  the  air  quality  characteristics 
of  a particular  pollutant  over  a specifieo  control 
area.  Both  the  mean  long-term  concentration  and 
the  frequency  distribution  of  short-term  concen- 
trations are  estimated  using  conventional  emission 
inventory  and  meteorological  data. 

The  computer  program  calculates  concentra- 
tions for  a sample  of  short-term  periods  selected 
from  a specified  long-term  period.  The  sample 
is  then  used  to  estimate  the  long-term  mean 
concentration  and  the  statistical  frequency  dis- 
tribution of  short-term  concentrations.  The 
expected  annual  maximum  concentration  is  deter- 
mined from  the  frequency  distribution.  The  cal- 
culations are  made  for  specified  receptor 
locations. 

Toe  calculations  are  made  using  a multiple- 
source  Gaussian  plume  model.  In  this  study  all 
emissions  are  represented  as  either  area  or 
point  sources.  Contributions  from  a given  source 
to  concentrations  at  a receptor  are  calculated 
using  a niirerical  technique  to  evaluate  the 
required  integral  equation.  The  "narrow  plume" 
concept,  which  implies  that  crosswind  variations 
in  emission  rates  may  be  neglected,  is  an 
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Important  assumption  1n  the  numerical  technique. 
This  assumption  Is  valid  as  long  as  the  distance 
between  variations  In  the  area  source  emission 
rate  Is  large  compared  to  the  crosswind  diffusion 
parameter  (oy).  A critical  characteristic  of 
the  numerical  technique  Is  the  spacing  of  grid 
points  for  which  emission  rates  per  unit  area  are 
determined. 

A significant  feature  of  this  program  Is 
that  emissions  which  vary  with  time  are  lined  to 
a chronology  of  weather  ''bservatlons,  so  that 
related  variations  In  emission  rates  and  In  the 
dispersive  capability  of  the  atmosphere  can  be 
taken  Into  account.  In  the  emission  algorithm 
used  In  this  study  emission  rates  are  related  to 
the  hour  of  the  day. 

The  program  Inputs  are  prepared  from  con- 
veniently available  emission  data  and  standard 
weather  data.  The  user  controls  the  sample  size 
by  specifying  the  sampling  Interval  between 
successive  hours  for  which  calculations  are  made. 
The  standard  program  outputs  consist  of  a data 
file  containing  the  concentrations  calculated  for 
each  specified  location  for  each  selected  hour 
and  a printed  statistical  summary  of  the  air 
quality  characteristics  of  each  location  and 
of  all  locations  combined. 

Airport-Related  Sources 

The  GEOMET  Airport  Model  (GAM)  was  used  to 
generate  the  jetport  contributions.  This  model 
was  selected  because  It  generates  statistical 
distributions  of  pollutant  concentrations;  had 
been  tested  against  other  models  and  data;  ■lid 
not  require  calibration;  and  was  and 

ready  for  Immediate  Implementation.  QAM  is  a 
joint  emissions  model  and  steady-state  Gaussian 
plume  air  quality  model,  and  Is  applicable  to  a 
variety  of  types  of  problems  In  airport  pollution. 
Including  analyses  required  for  impact  statements. 
The  model  represents  a wide  range  of  airport 
operations  In  terms  of  types  of  aircraft  and 
diurnal  variations  In  the  Intensity  of  aircraft 
operations.  Related  airport  activities  Including 
automobile  traffic,  ground  aircraft  support, 
maintenance,  and  fuel  handling  are  also  treated. 

Outputs  from  the  model  Include  not  only 
estimates  of  air  quality  levels  due  to  the 
airport  activities  but  also  hourly  estimates  of 
emissions  associated  with  each  type  of  airport 
operation. 

The  Lake  Breeze  Cell 

As  part  of  this  study  special  consideration 
was  given  to  the  possible  Impact  of  the  Lake 
Breeze  Cell  (LBC)  on  pollutant  concentrations 
emitting  from  the  proposed  jetport.  The  concern 
has  been  that  the  LBC  traps  pollutants,  thereby 
recirculating  them  and  resulting  In  Increased 
pollutant  concentrations  within  the  area  covered 
by  the  cell.  Based  on  a review  of  current 
literature,  we  made  modifications  to  GAM  calcu- 
lations to  evaluate  the  potential  Impact  of  the 
LBC  on  annual  air  quality  measurements. 

Optically  tracked  tetroons  (constant  volume 
superpressure  balloons)  confirm  the  helical 


trajectory  of  air  within  the  lake  breeze  regime  (5). 
From  this  observation  technique.  It  Is  evident  that 
pollutants  leaving  the  shoreline  may  complete  one 
full  cycle  by  noon.  Pollutants  entrained  In  this 
circulation  follow  a path  quite  different  from 
that  expected  from  analysis  of  surface  wind  data 
alone.  The  lake  breeze  cells  have  the  capability 
to  partially  recirculate  pollutants  over  shoreline 
areas;  however.  It  Is  estimated  that  less  than  50 
percent  are  recirculated  (6).  If  the  synoptic 
wind  Is  perpendicular  to  the  onshore  flow,  as  Is 
coimonly  the  case  In  the  Cleveland  area,  the 
distance  between  successive  on  shore  paths, 
associated  with  an  air  trajectory.  Is  likely  to 
be  50  km  or  more.  If  the  synoptic  flow  Is  nearly 
parallel  to  the  onshore  flow  the  on  shore  paths 
may  be  only  a few  kilometers  apart.  In  this  study 
we  have  used  the  following  treatment  to  estimate 
the  Influence  of  return  flows  In  which  new  pollu- 
tants are  entrained  with  old  pollutants. 

Hourly  meteorological  data  from  the  Burke- 
Lakefront  Airport  (located  on  Lake  Erie  eas+  of 
Cleveland)  was  searched  for  days  during  Apr 
through  September  marked  by  strong  Insolat  and 
lack  of  synoptic-scale  frontal  presence.  These 
days  were  examined  for  a wind  shift  from  a light 
gradient  wind  to  a wind  which  originated  from 
the  lake  (a  sector  measured  clockwise  from  270° 
to  40°).  If  these  primary  criteria  were  met, 
additional  parameters  such  as  dew-point,  tempera- 
ture, and  visibility  changes  accompanying  the 
wind  shift  were  examined.  The  flow  off  the  water 
with  the  passage  of  the  Lake  Breeze  Front  should 
'•esult  In  an  Increase  in  dewpoint,  a drop  In 
temperature,  and  an  Initial  Improvement  in  visi- 
bility. The  NOAA  Daily  Weather  Maps  were  used  to 
deter'mine  days  on  which  the  flow  from  the  lake 
was  due  to  synoptic-scale  gradient  conditions 
rather  tnan  because  of  the  lake  breeze  phenomenon. 
Such  days  were  eliminated  as  LBC  candidates.  Thus, 
based  on  the  Burke-Lakefront  Airport  data,  an 
Inventory  of  possible  LBC  cases  In  which  the  cell 
at  least  penetrated  the  Cleveland  shoreline  was 
assembled  for  further  analysis. 

Possible  lake  breeze  days  were  compared  with 
the  three-hourly  observations  recorded  at  Cleve- 
land-Hopklns  International  Airport  to  determine 
If  the  lake  breeze  had  penetrated  8 km  Inland. 

Cases  In  which  the  lake  breeze  existed  at  Burke- 
Lakefront  but  showed  no  evidence  of  existence  at 
Cleveland-Hopkins  were  eliminated  from  further 
considerations.*  Thirty-two  days  In  the  1971  da^'j 
set  met  these  criteria  and  the  starting  and 
ending  hour  of  the  lake  breeze  was  noted  for 
each  day.  A total  of  158  hours  (5.4  percent)  were 
characterized  by  a lake  breeze  out  of  a data 
sample  used  for  modeling  consisting  of  2928  hours 
(122  days). 

The  airport  model  was  run  with  and  without 
the  LBC  being  considered.  For  the  LBC  i-im  thp 
calculated  concentrations  were  multiplied  by  a 
factor  of  1.5  for  the  particular  hours  when  the 
LBC  existed. to  simulate  the  recirculation  of  up  to 
50  percent  of  the  pollutants  In  shoreline  areas. 


‘Eleven  diys  were  eliminated  on  this  basis. 
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DATA 

Non-A1rport  Emissions 

A summary  of  present  and  projected  emissions 
used  In  this  study  by  county  Is  given  In  Table  1. 
The  'i51  major  point  sources  emitting  more  than 
TOO  tons  per  year  of  particulate,  carbon  monoxide, 
hydrocarbons,  or  nitrogen  oxides  were  modeled 
as  point  sources  In  Cuyahoga  County  In  the  follow- 
ing way; 

1.  Total  emissions  from  major  point  sources 
were  subtracted  from  Cuyahoga  County 
totals  to  obtain  emissions  to  be 
distributed  to  area  grids. 

2.  From  the  current  National  Emissions 
Data  System  (NEDS)  Inventory,  emissions 
within  Cuyahoga  County  were  broken  down 
by  type  of  source.  Types  considered 
were  major  point  sources,  other  point 
sources,  ground  transportation,  and 

all  other.  Table  2 gives  the  resulting 
distribution  for  each  pollutant. 

3.  The  emissions  component  "point  associated" 
was  distributed  evenly  over  grids  judged 
to  be  Industrial  In  nature.  These  were 
grids  which  contained  at  least  one 

major  point  source. 

4.  Data  were  obtained  from  the  Ohio 
Department  of  Transportation  sumniarizing 
traffic  count  data  throughout  Cuyahoga 
County.  Based  on  these  data,  estimates 
were  made  of  vehicle  miles  travelled 
within  each  square  grid. 

5.  Based  on  the  figures  derived  In  (4), 
ground  transportation  emissions  were 
allocated  to  grids. 

6.  Finally,  "all  other  area"  Is  generally 
small  compared  to  county  total  emissions, 
were  allocated  to  grids  on  an  equal 

area  basis. 

The  resulting  gridded  area  source  file  contained 
400  square  grids  of  dimension  2.5  kilometers, 

110  grids  of  dimension  5 kilometers,  and  110  grids 
of  dimension  10  kilometers.  Estimates  for 
other  counties  an^  for  future  emissions  were 
allocated  from  county  to  grid  estimates  In  a simi- 
lar manner. 

Jetport  Emissions 

Jetport  emissions  were  projected  by  GAM  based 
on  operational  data.  Spatial  distribution  of 
emissions  from  the  airport  Is  evaluated  by  GAM 
based  on  the  layout  of  runways,  taxlways,  airport 
terminals,  fuel  storage  areas,  and  roadway  sys- 
tems. Three  hundred  ninety- three  point  sources 
were  used  to  represent  the  spatial  distribution 
of  emissions  from  the  jetport.  Emission  rates  for 
these  points  were  based  on  the  operation  data 
suntiarized  In  Tables  3 through  5. 

Hydrocarbon  emissions  from  the  fuel  storage 
area  were  estimated  using  standard  EPA  emission 
factors,  annual  fuel  throughput  based  on  the  number 
of  flight  operations,  and  expected  flight  times 
based  on  flight  data  for  Cleveland  Hopkins  Airport. 
The  total  projected  fuel  consumption  Is  2.8x10^ 
kilograms  per  year,  and  hydrocarbon  emissions 


from  fuel  pumping  operations  are  projected  to  be 
1233  tons  per  year. 

Potential  sources  of  sulfur  dioxide  emissions 
from  the  jetport  were  found  Insignificant.  The 
largest  source  Is  the  heating  plant  which,  ba^ed 
on  use  of  fuel  with  .5%  sulfur  content,  will 
have  projected  emissions  of  sulfur  dioxide  of 
130  tons  per  year.  In  view  of  the  distance  of 
the  proposed  jetport  from  Cleveland,  this  was 
judged  to  be  an  Insignificant  source  and  was  not 
modeled.  As  a result  sulfur  dioxide  concentrations 
were  not  modeled  either  for  baseline  or  for  airport 
emissions. 

Table  6 gives  total  projected  emissions  from 
the  jetport  on  an  annual  basis.  It  Is  clear  from 
the  table  that  the  largest  source  of  emissions  Is 
ground  operations  - taxiing.  Idling  at  runway,  etc. 
Ground  transportation,  primarily  access  to  the 
airport  from  Cleveland,  though  small  comparatively. 
Is  significant  because  of  the  closer  proximity 
of  much  of  the  ground  transportation  emission, 
resulting  from  the  access  link  from  Cleveland  to 
the  jetport. 

Meteorology 

Meteorological  data  for  Input  Into  the 
dispersion  models, was  taken  from  the  nearest 
meteorological  observation  station  to  the  lake 
site  zone,  which  Is  at  the  Burke  Lakefront  Airport, 
one  mile  northeast  of  downtown  Cleveland.  Data 
from  1971  was  cho'en  to  serve  as  Input  to  the 
models,  since  fror.i  each  parameter  during  1971 
conformed  closest  to  the  climatological  norms  for 
the  Cleveland  area  among  the  four  years  that 
were  tested  (1970-1973).  The  Burke  data  is 
the  most  representative  of  meteorological  condi- 
tions In  the  modeling  region  because  of  Its 
proximity  to  the  lake  and  to  the  area  most  sig- 
nificantly affected  by  pollutants  from  the  proposed 
airport.  The  Burke  station  records  celling 
height,  wind  velocity  and  wind  direction  for  18 
hours  per  day.  The  six  nighttime  hours  were 
estimated,  based  on  the  Cleveland-Hopkins  Airport 
data.  Mixing  height  data  was  provided  by  the 
Environmental  Monitoring  Unit  of  Case  Western 
University. 

The  Burke-Lakefront  meteorological  data 
has  certain  limitations  for  Its  use  to  simulate 
conditions  on  the  lake  Itself.  The  most  prominent 
effect  of  Ldi-.e  Erie  on  dispersion  from  a jetport 
located  In  the  lake  would  be  a reduction  in 
dispersion,  compared  to  that  Indicated  by  standard 
techniques,  when  the  water  temperature  Is  much 
cooler  than  the  Inland  air  temperature.  This 
situation  would  occur  mostly  during  the  daylight 
hours  In  spring  and  summer.  An  opposite  situation 
may  occur  in  winter  when  strong  cold  air  advectlon 
occurs  and  the  much  warmer  lake  causes  heating 
from  below  and  consequently  an  unstable  condition 
that  may  not  be  determined  by  the  airport  obser- 
vations and  standard  techniques.  The  standard 
technique  referred  to  Is  the  determination  of 
stability  by  hourly  National  Weather  Service 
observations  of  cooling  height,  cloud  cover, 
and  wind  speed.  However,  no  data  Is  available  to 
better  characterize  the  stability. 
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A1r  Quality  Measurements 

For  this  study  1975  measurements  of  particu- 
late and  NOp  concentrations  were  obtained  from 
the  City  of'^Cleveland's  Division  of  Air  Pollution 
Control.  The  data  Included  particulate  measure- 
ments at  22  locations  In  the  City  of  Cleveland 
and  8 particulate  measurements  outside  the  city 
In  Cuyahoga  County.  NO-  was  measured  at  21 
locations  within  the  city.  A sutimary  of  these 
measurements  Is  given  In  Table  7.  Of  principal 
Interest  In  this  table  Is  the  fact  that,  although 
NOp  air  quality  has  not  exceeded  state  and  Federal 
standards  anywhere  In  Cuyahoga  County  where  It  has 
been  measured,  the  state  standard  for  particulate 
air  quality  Is  exceeded  almost  everywhere. 

To  further  Illustrate  the  characteristics  of 
the  particulate  concentrations  In  the  Cleveland 
area,  Isopleths  of  annual  mean  concentrations  are 
presented  In  Figure  1 (7).  The  highest  concen- 
trations are  seen  to  occur  In  the  south-central 
portion  of  the  city.  -However,  high  concentrations 
(In  excess  of  75  ug/m'^)  occur  along  the  lake 
front  from  Lf.kewood  to  Bratenahl . 

FINDINGS 

In  evaluating  the  Impact  of  the  proposed 
jetport  on  air  quality,  the  following  air  quality 
measures  were  evaluated  at  nine  selected  receptor 
locations  based  on  a full  year  of  calculated 
concentration; 

1.  Maximum  one  hour  carbon  monoxide 
concentration; 

2.  Maximum  eight  hour  carbon  monoxide 
concentration; 

3.  Maximum  6 to  9 AM  total  hydrocarbons 
concentration; 

4.  Annual  arithmetic  average  nitrogen 
oxides  concentration; 

5.  Maximum  24  hour  total  suspended 
particulates  concentration; 

6.  Annual  geometric  mean  of  hourly 
total  suspended  particulate 
concentrations. 

The  nine  receptor  locations  for  which  air 
quality  statistics  were  derived  are  shown  1n 
Figure  2.  These  nine  receptor  locations  Include 
seven  In  Cleveland  Itself,  In  areas  most  likely 
to  be  affected  by  pollutant  concentrations  from 
the  jetport;  they  also  Include  two  at  the  jetport 
itself,  one  In  the  jetport  parking  area,  and  the 
other  In  the  southwest  area,  where  It  Is  felt 
future  airport  services  will  develop. 

Present  Baseline  Estimates 

Table  8 gives  results  of  computer  modeling 
for  the  present  baseline  case.  These  estimates 
Indicate  that  standards  for  total  hydrocarbons, 
nitrogen  oxides,  and  total  suspended  particulates 
are  currently  exceeded  for  several  or  all  receptor 
locations.  Air  quality  measures  of  total 
suspended  particulates  (published  In  1976  by  the 
Cleveland  Division  of  Air  Pollution  Control), 
though  somewhat  lower  than  modeling  estimates, 
are  In  reasonable  agreement.  For  example, 
particulate  measures  at  Station  21  Indicate  an 
annual  geometric  mean  of  145  mlcrograms/m'*  and  a 


24-hour  maximum  of  335  mlcrograms/m^.  These 
measures  are  within  the  range  of  model  estimates 
given  In  Table  8. 

Estimates  of  mean  annual  nitrogen  oxide 
concentrations,  however,  are  consistently  greater 
than  observed  values  by  about  a factor  of  two. 

A number  of  factors  can  contribute  to  this 
discrepancy  between  modeled  estimates  and  actual 
measurements.  First,  the  model  emission  Inventory 
corresponds  to  1972,  while  the  air  quality  measures 
were  taken  In  1975.  Although  It  Is  not  likely 
that  actual  emissions  have  decreased  by  a factor 
of  two.  It  Is  possible  that  emission  controls 
combined  with  Improvements  In  emission  Inventory- 
ing techniques  would  result  In  a significantly 
lower  estimated  emission.  Other  factors  which  may 
contribute  to  the  difference  between  modeled  and 
observed  concentrations  are  differences  in  the 
meteorologies  of  the  modeled  and  observed  years 
and,  finally,  the  basic  Inaccuracies  of  computer 
modeling.  The  Impact  of  this  finding  Is  that 
model  estimates  of  background  concentrations  will 
be  high  In  comparison  to  measured  values. 

Predicted  Baseline  Air  Quality  - The  Year  2000 

Table  9 gives  predicted  baseline  air  quality 
measurements  for  the  year  2000.  These  results 
Indicate  that  projected  measures  for  carbon 
monoxide  and  total  hydrocarbons  are  not  exceeded 
at  any  station  although  annual  nitrogen  oxides 
and  total  suspended  particulates  are  marginally 
exceeded  at  a few  stations. 

Impact  of  Proposed  Jetport  on 
Projected  A1rQua1(ty 

Model  predictions  of  air  quality  measures 
resulting  from  the  jetport  alone  are  given  In 
Table  10.  These  results  indicate  that  pollutant 
concentrations  from  the  proposed  jetport  are  far 
below  all  standards  at  the  nine  receptor  locations 
evaluated.  Jetport  concentrations  at  the  seven 
receptor  locations  In  Cleveland  are  generally 
negligible  when  compared  with  the  appropriate  air 
quality  standard  or  projected  baseline  concentra- 
tions. Jetport  concentrations  at  the  two  jetport 
jetport  sites  are  considerably  larger  but  still 
small  compared  to  standards. 

The  Impact  of  the  Lake  Breeze  Cell  In  a1r 
quality  measures  was  evaluated  by  Increasing  one 
hour  concentrations  by  50%  during  periods  of  defi- 
nite LBC  conditions.  Air  quality  levels  from 
airport  emissions  alone  are  shown  In  Table  11. 

It  Is  clear  from  Table  11  that  the  Impact  of  this 
adjustment  is  negligible. 

Table  12  gives  projected  air  quality  measures 
due  to  both  baseline  and  jetport  concentrations. 

Air  quality  standards  for  NO  are  slightly  exceeded 
at  three  stations,  while  annual  particulate 
standards  are  exceeded  at  four  stations.  In  no 
case  Is  the  exceedance  more  than  20%  of  the 
standard.  When  compared  with  projected  baseline 
air  quality  measures,  the  following  findings  are 
evident: 

1.  For  all  seven  receptor  locations  In 
Cleveland,  the  Impact  of  the  jetport 
on  air  quality  measures  Is  negligible; 
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2.  Although  the  jetport  1s  the  primary 
contributor  to  carbon  monoxide  n.easures 
at  the  two  jetport  receptors,  the 
resulting  measures  are  still  well 
below  national  standards; 

3.  Similarly,  although  the  jetport  Is  a 
significant  contributor  to  measures  of 
total  hydrocarbons,  nitrogen  oxides, 
and  total  suspended  particulates  at 

the  two  jetport  receptors,  the  resulting 
measures  are  well  below  national 
standards. 

Ozone  concentrations  were  evaluated  through 
the  emission  of  hydrocarbons,  since  ozone  reaches 
Its  highest  buildup  1n  the  presence  of  hydrocarbon 
concentrations.  Guidelines  (8)  for  obtaining 
the  national  ozone  standard  (maximum  1-hour  ozone 
concentration  of  16U  mlcrograms/m^)  requires  a 
cutback  In  hydrocarbon  emissions,  when  considered 
In  the  light  of  thu  maximum  ozone  concentration 
measurements  for  Cleveland.  That  cutback  has 
been  Indicated  to  be  approximately  85  percent  of 
current  emissions.  Based  on  this,  total  hydro- 
carbon emissions  should  be  reduced  from  302,171 
tons/year  In  1972  to  47,758  tons/year  In  2000. 

The  hydrocarbon  emissions  projected  to  result  from 
the  jetport  are  18.5  thousand  tons  per  year. 
However,  It  Is  only  through  significantly 
Increased  hydrocarbon  concentrations  In  the  down- 
town Cleveland  area  that  the  ozone  standard  Is 
likely  to  be  signlf Icatnly  affected  by  the  jetport. 
Due  to  the  distance  of  the  proposed  jetport  from 
Cleveland  Itself,  the  model  results  show  that 
the  Impact  of  the  jetport  on  hydrocarbon  concen- 
trations In  Cleveland  is  negligible.  In  no  case 
does  the  jetport  result  In  more  than  a one  percent 
Increase  In  the  maximum  six  .to  nine  AM  hydro- 
carbon concentration.  Hence  we  conclude  that, 
despite  the  significant  Increase  ^n  hydrocarbon 
emissions  due  to  the  proposed  jetport,  that  the 
jetport  Is  not  likely  to  have  a significant 
Impact  on  ozone  concentrations  due  to  Its  separa- 
tion from  Cleveland. 

CONCLUSIONS 

The  major  findings  of  this  study  may  be 
sunmarized  as  follows: 

1.  Predicted  background  concentrations 
In  the  year  2000  were  generally  at  or 
below  national  air  quality  standards. 

For  three  stations  the  nitrogen  oxides 
standard  was  slightly  exceeded;  for 
four  stations  the  annual  particulate 
standard  was  also  exceeded.  In  no  case 
was  the  exceedance  more  than  twenty 
percent  greater  than  the  standard. 

2.  Pollutant  concentrations  due  to  the 
jetpct  alone  were  well  below 
national  standards  at  all  receptor 
locations.  Including  those  at  the 
jetport  Itself. 

3.  The  Impact  of  the  Lake  Breeze  Cell 

on  air  quality  measures  was  negligible, 
despite  the  assumption  of  high.  Impact 
on  many  Individual  one-hour  concentra- 
tions. 

4.  Finally,  the  contribution  of  jetport 


emissions  to  air  quality  measures 
was  negligible  compared  to  projected 
concentrations  from  non-airport  sources 
at  the  seven  receptor  locations  In 
Cleveland.  Air  quality  measures  at  the 
two  jetport  receptors  were  well  below 
the  national  standards. 

In  suimiary,  this  study  concludes  that  the  proposed 

jetport  would  have  little  detrimental  Impact  bn 

the  air  quality  In  Cleveland. 
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Table  1.  SUMMARY  OF  PROJECTED  2000  EMISSiOnS  FOR  COUNTIES 
WHOSE  EMISSIONS  WHOLLY  OR  PARTIALLY 
AFFECT  AIR  QUALITY  AT  THE  TWO  CANDIDATE  SITES 
(PRESENT  IN  PARENTHESES) 


Emissions,  Tons  per  Year 


Pol  1 utant/ 


County 

HC 

61  ,758(97,067) 

Particulates 

Cuyahoga 

137,167(632,500) 

26,207(180,602) 

40,843(121  ,059) 

Lorain 

19,564(97,233) 

4,088(22,622) 

11,023(12,597) 

6,132(13,110) 

Medi na 

9,089(36,504) 

1 ,716(8,302} 

4,088(4,661  ) 

1,361(2,902) 

Ashland 

3,614(20,038) 

730(4,438) 

1,971(2,577) 

584(1 ,155) 

Wayne 

8,140(41 ,339) 

1 ,767(9,250) 

4,198(5,482) 

1 ,898(3,900) 

Richland 

11,972(69,349} 

2,409(14,197) 

8,760(9,499) 

3,1C2(6,56C) 

Summi t 

50,626(212,099) 

9,819(56,987) 

21 ,827(27,205) 

13,359(43,549) 

Huron 

5,293(25,964) 

1,022(5,773) 

2,602(3,315) 

1 ,040(2,179) 

’"otal  s 

245,465(1,135,576) 

47,758(302,171) 

116,227(162,403) 

68,319(193,414) 

Table  2.  SUMMARY  OF  EMISSIONS  REDISTRIBUTED 

IN  CUYAHOGA  COUNTY  BY  METHOD 
OF  DISTRIBUTION  (PRESENT  EMISSIONS  ONLY) 


1 

Pol  1 utant 

Method  of 
Distribution 

Carbon 

■Monoxide 

Total 

Suspended 

Particulate 

Total 

Hydrocarbons 

Nitrogen 

Oxides 

' 

1.  Major  Point  Sources 

. 

^50737 

- 

58084 

12117 

33768 

2 . Oi stri buted  As 

Area  Sources 

481763 

mm 

158485 

63299 

Za.  Point  Associatea 

0 

54194 

4726 

10974 

i 

2b.  Transportation 

450762 

2808 

37498 

42885 

2c.  Other  Area 

31CC1 

5973 

76261 

9440 

-J 

188 


I 


KOCH  and  COOK 


Table  Prcjecied  Annual  and  Dciign  Hour  Aircraic  Operations 
for  the  Year  2000  for  a Site  in  Laxe  Erie 


Annual  Operations  ^OGO'sl 

390 

Design  Hour  Operations 

9S 

Table  4.  Design  Hour  Fleet  Mut  for  the  Year  2000 
tot  a Site  m Laite  Erie 


Annual  percent  breakdown  of  tleet  inu  can  be  assumed  iden* 
deal  CO  design  hour  percent  breakdown. 

Class  A aircraft  are  assumed  to  be  negligible  bv  1990  and 
phased  out  by  2000. 


Table  5.  Vehicle  Trips  bv  Mode  to  Cnshorc  and  Offshore  Facilities  rcr  the  Year  2000 
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" ^ 


Table  6.  ESTIMATED  ANNUAL  EMISSIONS  FROM  JETPORT 
TONS  PER  YEAR 
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Table  9 PREDICTED  AIR  QUALITY  OLE  TO 
6ACKGROUMO  ENISSICNS  ALONE 
YEAR  2COO 


Pollutant  Concentration 
Total  Nitrogen  Total 

Receptor  Carbon  Monoxide  Hydrocarbons  Oxides  Suspendeo  °articulate 
Location  ^ , 


Annual 


Annual  ! 


I Maximum  Maximum  j Maximum  Arithmetic  Maximum  j Geometric 
I 1 Hour  8 Hour  r 6-9  AM  Averaoe  24  Hour  ( Mean  j 

I (mg/m^)  (mg/m^)  | (ug/m3)  (ug/m3)  (uQ/m^)  ( (uQ/m^) 


Superior 
Ave.  and 
tn  S 


I 3 I 

Edgewater  j 

I 

i ^ 

■ Gordon  Par 


i 6? 

1 

! 

1 

81 

fS 

i in? 

32 

Sratenahl  > 3.5 


I Naticna; 
i Standard 
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Table  10  PREDICTED  AIR  QUALITY  DUE  TO  JETPORT  ALOflZ 
(W'thcut  Lake  Breeze  Cell  Adjustment) 
YEAR  20C0 


Pollutant  Concentration 


Total  I Nitrogen  J Total  j 
Receptor  Carbon  Monoxide  Hydrocarbons  I Oxides  i Suspended  Particulate  ! 
Location  — i i 


Annual 


I Annual  i 


Maximum  j Maximum  Maximum  | Arithmetic  i Maximum  | Geometric  , 
1 Hour  8 Hour  6-9  AM  ] Average  j 2A  Hour  : Mean*  ! 
(mg/m^)  j (mg/m^)  (ug/m3)  ; (ug/m3)  j (ug/m^)  I (uQ/m^)  | 
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Table  11  PREDICTED  AIR  QUALITY  DUE  TO  JETPCRT  ALONE 
(With  Lake  Breeze  Cell  Adjustment) 

YEAR  ?OCO 


Pollutant  Concentration 


Total  Nitrogen  Total  | 

Receptor  Carbon  Monoxide  Hydrocarbons  Oxides  Suspended  Particulate  ! 


Location 


Annual  Annual 

Maximum  Maximum  Maximum  Arithmetic  Maximum  Geometric 


1 Hour  8 Hour  6-9  AM 

(mg/m^'j  (mg/m^)  (.g/m3) 


Averaqe  24  Hour  Mean* 


Municipal 

Stadium 


1.834  I 3.120 


Gordon  Park  0.31  0.11 


Bratenahl  0.58  0.14 


0.19  2.46 


47.907  16.305 


Jetport  --  5.46 

SU 


44.863 


34.592 


40 

10 

160 

100 

■ - - 

260 

1 

75 

j National 
I Standard 

i 


*ror  computational  purposes,  the  geometric  mean  ii«as  calculated  assuming  a background 
TSP  concentration  of  30  -g/sec.  However  the  figures  reported  in  this  table  have  this 
background  component  subtracted  from  them. 
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Table  12  PREDICTED  AIR  QUALITY  DUE  TO  PROPOSED 
JETPORT  AND  PROJECTED  BACKGROUND  EMISSIONS 
YEAR  2000 


Pollutant  Concentration 

1 

Total  Nitrogen  Total 

Receptor  Carbon  Monoxide  Hydrocarbons  Oxides  Suspended  Particulate 

Location  1 j 

I Annual  i Annual 

Maximum  i Maximum  Maximum  Arithmetic  Maximum  . Geometric 


1975 
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Figure  2.  Receptor  Locations  Relative  to  Proposed 
Jetport  and  Cleveland  Shoreline 
(Approximate  Scale:  2.56  kilometers) 

'For  modeling  purposes,  approximated  by  a series  of  straight  line  segments 
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DISCUSSION 

YAMARTINO:  You  mentioned  that  you  considered  this 
helical  path  associated  with  the  lake  breeze  cells, 
but  then  you  also  mentioned  that  it's  a Gaussian 
plume , 

I am  Just  curious,  how  did  you  account  for  the 
transport  over  water?  Did  you  put  in  a reduced  and 
more  stable  situation,  or  just  exactly  what  did  you 
do? 

KOCH;  We  had  meteorological  measurements  from  a 
station  right  on  the  shoreline  there.  There  is  a 
small  airport  just  northeast  of  the  city,  and  we 
used  that  to  estimate  the  stability  conditions  in 
the  Gaussian  plume  model.  To  the  extent  that  they 
were  reflected  In  the  measurements  at  that  station, 
they  were  included.  That  is  how  they  would  be  in- 
cluded In  the  model. 

COOK:  We  also  had  meteorological  data  directly 
from  the  lake. 

KOCH:  There  was  a site  a mile  or  so  off  the  shore 
where  there  was  an  automatic  recording  station. 

That  also  was  used  In  the  model  estimate. 

TAYLOR;  Looking  at  the  last  three  tables  it  is 
possible  to  compare  predicted  air  quality  due  to 
background  emissions,  then  predicted  quality  due  to 
jatport  alone,  and  then  predicted  quality  due  to 
the  two  together.  It  seems  to  me  that  at  any  given 
location,  that  should  be  quite  additive,  that  is, 
you  should  be  able  to  determine  the  predicted  value 
for  jetport  and  background  from  adding  jetport  plus 
background . 

Looking  at  hydrocarbons,  which  seem  to  be  the  most 
significant  and  easiest  to  check,  if  you  take,  for 
instance,  location  two  at  the  municipal  stadium, 
there  is  a 133  due  to  background  emissions  alone, 
predicted  jetport  contribution  is  45.8,  but  the 
total  is  only  133  again. 

KOCH:  The  reason  for  that  is  the  two  maximum 
heights  don't  occur  at  the  same  time.  They  were 
paired  together.  In  other  words,  once  you  add  the 
two  fields  for  the  full  year,  you  get  a maximum 
which  is  probably  not  the  sum  of  the  two  maximums. 

TAYLOR:  It  hasn't  changed.  Is  that  because  the 

maximum  was  completed? 

KOCH;  It  probably  was.  Tliat  would  be  the  reason 
there  would  be  different  data.  In  that  case,  it 
wjuld  have  been  the  highest  maximum  from  one  or  the 
other. 

TAYLOR;  And  so  it  happens  they  just  don't  coincide 
because  actually  it  is  the  same  figure,  exactly  the 
same  figure? 

KOCH:  That's  right.  They  don't  coincide  at  all. 
There  is  probably  no  contribution  from  the  airport 
during  the  period  that  the  maximum  occurred. 

COOK;  Did  you  look  at  the  annual  means?  You  will 
notice  that  they  do  add  up. 


KOCH:  But  the  maximum  hourly  short-term  contribu- 

tions would  not  necessarily  be  additive. 

SEGAL:  On  the  maximum  case  you  listed  there,  could 
you  indicate  what  the  wind  speed  was  and  the  sta- 
bility class? 

COOK:  I don't  know. 

SEGAL:  The  second  thing  is  what  meteorological 
information  did  you  use  to  get  the  sigmas? 

KOCH:  It  was  cloud  cover  and  wind  speed  to  deter- 

mine atmospheric  stability,  and  then  we  used  the 
Pasqulll-Glf ford  dispersion  parameters. 

DALEY:  It  seems  to  me  that  the  extremely  stable 

air  over  the  lake  would  cause  potentially  very 
high  concentrations  under  a lot  of  conditions, 
particularly  in  the  spring. 

Many  of  us  have  seen  the  classic  photos  of  lake 
steamers  from  Chicago  and  across  from  Milwaukee. 

You  can  see  plumes  that  persist  for  hours  essen- 
tially under  molecular  diffusion. 

KOCH:  It's  true  that  the  model  was  based  on  the 

standard  Pasquill-Gif ford  dispersion  parameters. 

If,  in  fact,  that  underestimates  or  allows  too 
much  dispersion  in  the  various  stability  conditions, 
then  that  effect  would  not  be  reflected  in  our 
model.  We  didn't  have  any  other  data  on  which  to 
estimate  how  11  .ited  that  could  be  under  various 
stability  conditions. 
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Carlton  Wine,  Office  of  Aviation  Policy 

Federal  Aviation  Administration 
Washington,  D.C. 


ABSTR^ICT 

An  extensive  data  set  concerning  approximately 
1500  L'.S.  airports  is  assembled  from  numerous 
sources  into  a single  file  accessible  by  computer. 
The  data  are  selected  particularly  for  their  rele- 
vance to  studies  concerning  environmental  protec- 
tion and  energy  conserc'at  ion  but  have  other 
possible  application.  Types  of  information  include 
physical  descriptions  of  the  airports,  breakdowns 
of  operations  by  airplane  class  and  time  of  day, 
demographics,  and  use  restrictions  of  environmental 
interest.  Principal  uses  of  the  file  are  as  input 
data  to  mathematical  models,  data  to  be  sorted  and 
tested  in  answer  to  a variety  of  queries,  infor- 
mation for  reference  listings,  and  material  for 
research  studies.  A user's  manual,  planned  for 
1979,  will  describe  fully  the  contents  of  the  file 
and  how  it  can  be  accessed. 


WE  DID  NOT  REALIZE  AT  THE  INCEPTION  of  the  data 
base  which  developed  into  the  Airport  Information 
File  (AIF)  how  useful  it  would  become.  Indeed, 
we  wished  only  to  solve  an  Immediate  problem  re- 
quiring voluminous  data  from  several  sources.  The 
central  need  was  for  breakdowns  of  flight  opera- 
tions by  types  of  airplanes.  No  single  file 
existed  which  contained  such  data  for  both  general 
aviation  and  air  carriers.  Examination  of  other 
items  of  Information  contained  in  the  sources  of 
operations  data  showed  that  there  was  more  useful 
information  which  could  be  sorted  out  and  merged 
into  the  file  being  created  as  input  to  an  airport 
noise  computation  model.  The  file  was  unique — a 
single  repository  of  flight  operations  data  at 
U.S.  airports  whose  activity  could  possibly  be  of 
concern  for  environmental  assessment.  Soon,  a 
policy  analysis  problem  caused  us  to  add  more  data 
to  this  file.  At  the  time  it  was  used  only  by  a 
small  group  of  analysts.  The  success  of  the  in- 
quiries quickly  led  to  requirements  for  new  types 
of  data  so  that  more  comprehensive  studies  could 
be  carried  out.  The  relative  ease,  rapidity,  and 
low  cost  of  compiling  data  into  reports  was  recog- 
nized by  analysts  and  managers  alike.  Encouraged 
by  this  experience,  a.  more  formal  project  emerged: 
to  create  a comprehensive  collection  of  airport 
data  and  a system  of  adding  to  and  organizing  the 
computer  file  structure  so  that  future  mathematical 
modeling  and  analytical  studies  would  be  enhanced. 

As  will  be  shown,  the  existence  of  this  file 
creates  opportunities  to  investigate  many  interest- 
ing but  otherwise  obscure  relations  among  the  data. 


perhaps  in  areas  beyond  those  of  only  environmental 
interest . 

If  necessary  for  a particular  study,  data  from 
other  sources  could  be  merged  into  the  AIF.  One  of 
the  largest  sources  is  the  U.S.  Department  of 
Commerce  which  maintains  extensive  data  bases  of 
possible  concern.  For  instance,  the  Census  of 
Manufactures  lists  by  Standard  Metropolitan 
Statistical  Areas  such  data  as  number  of  employees 
and  value  added  by  manufacturing.  This  information 
is  available  on  computer  tape  through  the  Bureau  of 
the  Census  Data  User  Service. 

Although  all  information  is  retained  on  a 
computer  disc-pac,  the  file  structure  in  effect  is 
similar  to  that  of  a standard  office  filing  cabinet. 
In  a figurative  sense,  there  is  a file  "folder" 
for  each  airport  arranged  under  the  heading  of  the 
abbreviation  for  the  airport.  Each  airport  file 
contains  all  items  of  Information  currently  listed 
except  for  missing  or  nonapplicable  data.  To  date, 
the  file  has  been  interrogated  for  reports  genera- 
tion through  two  data  base  management  languages: 
INQUIRE  and  EASYTRIEl'E.  Computations  and  modeling 
using  the  file  have  been  accomplished  with  FORTRAN 
through  creation  of  intermediate  files  from  the  AIF. 

Each  data  element  is  assigned  an  alphanumeric 
code  name  consisting  of  up  to  eight  characters 
which  have  been  assigned  with  intent  to  make  the 
name  mnemonic.  For  example,  the  file  name  for  the 
number  of  paved  runways  is  HARDRNY,  for  the  number 
of  general  aviation  operations  is  GAOPS , for  the 
FAA  region  is  FAARGN,  etc.  At  present  there  are  no 
restrictions  on  the  length  of  the  alphanumeric  field 
for  data  contained  in  each  data  element.  The  file 
now  holds  about  two  million  alphanumeric  characters 
but  will  be  expanded  as  new  Information  is  needed. 
Each  airport  now  requires  about  1300  alphanumeric 
characters  in  its  dossier. 

FILE  CONTENTS 

Since  the  file  is  intended  for  multiple  uses, 
several  families  of  airport  data  are  Included. 

These  are:  (1)  Physical  Description;  (2)  Flight 
Operations  Activity;  (3)  Demography;  (4)  Geography: 
(5)  Administrative  Information;  (6)  Airport  Use 
Restrictions  and  Environmental  Conditions;  (7) 
Climate  (planned);  (8)  Forecasts  (planned);  and 
(9)  Air  Quality  (planned).  A current  file  improve- 
ment project  will  result  in  many  new  data  fields  by 
1979,  but  at  present  the  following  is  a lioL  cf  all 
data  elements  contained  in  the  AIF. 
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site  Number 

Airport  Location  ID 

Associated  City 

State  Associated  City  In 

Nearest  City 

County  Airport  In 

State  Airport  In 

EPA  State  Code 

EPA  County  Code 

EPA  Region  Code 

EPA  Air  Quality  Control  Region 
Airport  Ovmer 

Publicly  or  Privately  Owned 

Miles  and  Direction  from  Associated  City 

Airport  Latitude 

Airport  Longitude 

Airport  Elevation 

Airport  Acreage 

Airport  Square  Miles 

Jet  Fuel  for  Sale  to  Public 

FAR  139  CFR  Index 

Tower  at  Airport 

Number  of  Hard  Surface  Runways 

Number  of  GA  Jet  Runways 

Longest  Runway  Length 

Military  Daily  Operations 

GA  Dally  Operations 

GA  Single  Engine  Prop  Ops 

GA  Multi  Engine  Prop  Ops 

GA  Turbo  Prop  Ops 

GA  Jet  Ops 

GA  Jet  Type  A Ops 

GA  Jet  Type  B Ops 

GA  Jet  Type  C Ops 

GA  Jet  Type  D Ops 

GA  Jet  Type  E Ops 

GA  Jet  Type  F Ops 

GA  Jet  Type  G Ops 

Day  (0700-2159)  Scheduled  Ops 

Night  (2700-0659)  Scheduled  Ops 

7 PM  Day  (0700-1859)  Scheduled  Ops 

Evening  (1900-2159)  Scheduled  Ops 

Sum  of  Scheduled  Ops 

Day  Scheduled  Jet  Ops 

Night  Scheduled  Jet  Ops 

7 PM  Day  Scheduled  Jet  Ops 

Evening  Scheduled  Jet  Ops 

Sum  of  Scheduled  Jet  Ops 

U.S.  Carrier  US/US  Ops 

Foreign  Carrier  US/US  Ops 

U.S.  Carrier  Foreign/US  Ops 

Foreign  Carrier  Forelgn/US  Ops 

U.S.  Carrier  OS/US  Jet  Ops 

Foreign  Carrier  US/US  Jet  Ops 

U.S.  Carrier  Foreign/US  Jet  Ops 

Foreign  Carrier  Foreign/US  Jet  Ops 

2 Engine  Narrow  Body  Day  Ops 

2 Engine  Narrow  Body  Night  Ops 

2 Engine  Narrow  Body  7 PM  Day  Ops 

2 Engine  Narrow  Body  Evening  Ops 

3 Engine  Narrow  Body  Day  Ops 

3 Engine  Narrow  Body  Night  Ops 
3 Engine  Narrow  Body  7 PM  Day  Ops 

3 Engine  Narrow  Body  Evening  Ops 

4 Engine  Narrow  Body  Day  Ops 

4 Engine  Nat  row  Body  Night  Ops 
4 Engine  Narrow  Body  7 PM  Day  Ops 
4 Engine  Narrow  Body  Evening  Ops 


2  Engine  Narrow  Body  Day  Ops 
2 Engine  Wide  Body  Night  Ops 
2 Engine  Wide  Body  7 PM  Day  Ops 

2 Engine  Wide  Body  Evening  Ops 

3 Engine  Wide  Body  Day  Ops 

3  Engine  Wide  Body  Night  Ops 
3 Engine  Wide  Body  7 PM  Day  Ops 

3 Engine  Wide  Body  Evening  Ops 

4 Engine  Wide  Body  Day  Ops 

4  Engine  Wide  Body  Night  Ops 

4 Engine  Wide  Body  7 PM  Day  Ops 

4 Engine  Wide  Body  Evening  Ops 

SST  Day  Ops 

SST  Nljdit  Ops 

SST  7 PM  Day  Ops 

SST  Evening  Ops 

All  Other  Day  Ops 

All  Other  Night  Ops 

All  Other  7 PM  Day  Ops 

All  Ocher  Evening  Ops 

Total  Jet  Ops 

Total  Prop  Ops 

Total  Turboprop  Ops 

Total  Helicopter  Ops 

In  Increments  of  1 Mile  up  to  10  Miles  (1970  Census) 
Total  Population 
Number  of  Households  in  1975 
Total  Income 
Total  Home  Value 
Total  Rent 
Average  Income 
Average  Home  Value 
Average  Rent 
Population  Change 
Population  Growth  Rate 
Number  of  Fanil ies 
FAA  Region 
FAA  District 
Time  Zone 
Weather  Station 

Joint  Use  for  Military  Aircraft 
Based  Aircraft  Single  Engine  and  Over  4 Places 
Based  Aircraft  Single  Engine  1 to  3 Places 
Based  Aircraft  Multi  Engine 
Tower  Status 

Air  Route  Traffic  Control  Center 

Landing  Pattern  Altitude 

Number  of  IFR  Runways 

Cargo  Flights  Day 

Cargo  Flights  Night 

Cargo  Flights  7 PM  Day 

Cargo  Flights  Evening 

Number  of  Runways 

Runway  Heading 

Runway  Length 

Surface  Composition 

Runway  Threshold 

Code  Words  for  Airport  Use  Restrictions  and 
Environmental  Conditions 


FILE  STRUCTURE 

This  data  b..se  now  includes  approximately  1500 
U.S.  airports  and  is  called  the  FAA  Office  of 
Environment  and  Energy  Airport  Information 
File.  All  air  carrier  airports  are  Included 
(approximately  300).  The  original  practice  of 
extracting  selected  data  from  existing  data  bases 
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has  continued,  but  In  one  important  Instance  a 
wholly  original  file  was  created  expresslv  for 
incorporation  within  the  AIF.  Often  the  desired 
data  are  synthesized  or  aggregated  from  the  source 
files.  For  example  the  source  airline  scheduled 
operations  data  are  listed  bv  airplane  type  and 
model  but  are  stored  in  the  AIF  by  sums  of  opera- 
tions of  body  types,  e.g.,  3-engine  narrow  body 
(3  ENB)  and  4-engine  wide  body  (4  EWB) . Similarly, 
general  aviation  operations  are  derived  by  adding 
together  local,  Itinerant,  and  air  taxi  operations. 
All  operations  data  in  the  AIF  are  converted  to 
daily  operations  from  the  original  weekly  or  yearly 
source  data. 

Normally,  new  data  are  readily  acquired  from 
computer  sources  and  merged  into  the  AIF  due  to 
the  existence  of  a common  link — usually  the  three 
letter  or  number  airport  location  identifier 
(LOCID) . Each  airport  in  the  U.S.  also  has  a 
unique  FAA  site  number  which  can  be  used  as  the 
common  link.  Inclusion  of  the  Environmental 
Protection  Agency  Air  Quality  Control  Region 
number  for  each  airport  posed  a special  problem: 
the  only  common  link  between  files  was  state  and 
county.  Manual  intervention  was  required  to 
achieve  the  proper  assignment  of  airports  to  the 
correct  region  in  about  20  instances.  Similarly, 
addition  of  demographic  data  from  the  1970  Census 
was  made  possible  by  existence  in  the  file  of  the 
latitude/longitude  coordinates  of  each  airport. 

Such  merging  techniques  offer  the  opportunity  to 
include  in  the  future  other  types  of  information 
which  are  nc't  spei.  i f ira  1 iy  airport  related,  but 
which  are  of  interest. 

The  numeric  data  are  stored  in  packed  fields 
to  minimize  storage  space.  This  condition  has  a 
significant  drawback  in  that  access  to  the  file 
for  report  generation  must  be  via  data  base 
management  languages  which  can  read  packed  data 
(such  as  INQUIRE  and  EASYTRIEVE) . In  order  to  use 
the  file  as  input  to  models  and  analytical  programs 
it  is  usually  necessary  to  create  a subfile  which 
contains  data  elements  of  fixed  word  length. 

Current  development  efforts  include  restructuring 
to  allow  direct  access  by  models  and  statistical 
programs  written  in  FORTRAN  such  as  the  FAA 
Integrated  Noise  Model  and  the  Statistical  Package 
for  the  Social  Sciences.  This  new  file  format  will 
also  allow  access  by  almost  any  data  base  manage- 
ment language.  Increased  storage  on  computer 
disc-pac  or  other  medium  will  be  the  consequence, 
but  the  large  improvement  in  utility  outweighs 
this  factor. 

SOURCES  OF  THE  DATA 

So  far,  all  items  in  the  file  pertaining  to 
physical  description  and  location  of  airports  have 
been  acquired  Trom  the  FAA  National  Flight  Data 
Center  Airport  Master  Records.  That  data  base  is 
also  the  source  of  the  flight  operations  data  from 
which  we  calculate  and  store  general  aviation  daily 
operations  in  terms  appropriate  for  environmental 
assessment.  It  should  be  noted  that  the  source 
general  aviation  operation  statistics  are  estimates 
They  are  based  on  the  best  available  combination 
of  records  and  judgments  supplied  bv  airport 
officials  and  are  reviewed  by  FAA  officials.  We 


have  provided  distributions  by  type  of  airplane 
of  general  aviation  operations  by  combining  total 
operations  data  with  national  survey  results  and 
with  data  from  the  FAA  Census  of  U.S.  Civil  Air- 
craft. In  effect,  operations  data  at  any  one 
airport  by  type  of  general  aviation  airplane  are 
estimates  based  on  estimates  and  for  analyses  at 
individual  airports  may  not  be  accurate  enough  for 
some  purposes. 

Operations  of  air  carrier  airplanes  are  trace- 
able to  actual  airline  scheduled  data.  These 
operations  are  at  present  aggregated  from  specific 
airplane  models  into  generic  body  types  and  are 
listed  by  time  blocks  encountered  in  airport  noise 
modeling.  It  would  be  possible  to  include  distri- 
butions by  other  factors  such  as  length  of  trip 
(.IS  an  indicator  of  fuel  aboard  and  chus  as  a 
surrogate  for  weight)  and  by  nominal  engine  types. 
There  is  a pending  request  for  this  level  of  detail. 

The  Environmental  Protection  Agency  furnished 
the  data  concerning  Air  Quality  Control  Regions 
and  their  region,  county,  and  s..ate  codes. 

Demographic  data  for  1 mile  incremental  rings 
about  airports  are  derived  from  the  publicly 
available  Bureau  of  the  Census  tapes.  This  was 
accomplished  under  contract  with  CACI , Inc.,  a 
firm  which  has  developed  an  extensive  system  for 
extracting  data  from  the  census  tapes  and  for- 
matting into  lists  within  desired  geographical 
areas. 

The  information  concerning  airport  use 
restrictions  and  local  environmental  conditions 
was  obtained  through  a special  survey  of  approxi- 
mately 500  airports.  This  survey  was  conducted  by 
the  FAA  Office  of  Environment  and  Energy  with 
cooperation  of  all  the  FAA  Regional  Offices  and 
was  used  first  to  create  a separate  computer  file 
known  as  the  Environmental  Data  Bank.  Inclusion 
of  this  entire  file  within  the  AIF  provides  cross- 
access  to  much  more  airport-related  data  for  its 
list  of  airports.  As  a means  of  compactly  storing 
a large  amount  of  information,  these  data  are  in- 
cluded in  the  file  as  alphanumeric  code  words. 

These  must  be  recalled  through  a de-code  listing  in 
order  to  obtain  verbal  descriptions;  e.g.,  "4D2" 
stands  for  "restriction  on  time  of  engine  runup 
maintenance. " 

USES  OF  THE  FILE 

By  virtue  of  its  computer  accessibility,  this 
data  base  can  be  used  in  four  principal  ways: 

(1)  automatic  selection  of  data  as  input  for  mathe- 
matical models,  (2)  assembly  of  data  for  poliev 
studies  and  special  queries,  (3)  reference  listings 
for  often  needed  information,  and  (4)  research.  Of 
these  uses  the  most  frequent  has  been  in  the  poliev 
analysis  area,  with  planned  additions  the  AIF 
will  likely  be  used  extensively  for  modeling  of 
airport  noise. 

The  FAA  Integrated  Noise  Model  requires  all 
the  following  types  of  data  which  are  c)r  soon  will 
be  extractable  from  the  file:  present  and  pro- 
jected operations  by  type  of  airplane  bv  time  by 
stage  length,  runway  locations  including  dimen- 
sions and  headings,  annual  average  temperature 
and  field  elevation.  It  will  still  be  necessary 
manually  to  determine  flight  tracks  and  runway 
utilization  but  It  is  possible  even  fer  these 
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matters  to  be  determined  by  default,  algorithms 
when  the  resulting  loss  in  accuracy  is  acceptable 
for  the  intended  use  of  the  model.  It  appears 
quite  feasible  to  use  the  AIF  as  a source  of  data 
for  other  types  of  models  such  as  those  which  com- 
pute air  pollution  and  energy  consumption  but  to 
date  this  has  not  been  done. 

As  an  example  of  the  use  of  the  file  for 
special  queries.  Figure  1 is  a listing  prepared 
for  the  possible  interest  of  the  attendees  of  the 
1978  SAE/APCA  Conference  on  Air  Quality  and 
Aviation.  Preparation  of  the  computer  query  took 
a few  minutes  of  an  experienced  programmer’s  time 
and  cost  $7.00  in  computer  charges.  The  type  of 
report  illustrated  by  Figure  1 is  generated  rou- 
tinely since  it  requires  only  a listing  of  existing 
data  under  column  headings.  Considerably  more 
complex  reports  are  sometimes  called  for — those 
which  require  computations  using  the  AIF  data  and 
listings  of  the  computed  results.  The  following 
examples  are  some  of  the  actual  queries  which 
have  been  satisfied  by  interrogating  the  AIF: 

How  many  airports  in  each  state  have  4-engine 
narrow  body  operations?  Which  U.S.  airports  have 
curfews?  What  is  the  rank  order  of  airports  by 
JT8D-powered  (2  and  3 engine  narrow  body)  opera- 
tions? How  many  people  live  within  5 miles  of 
Midway  and  OMlare  airports?  Based  on  number  of 
operations  and  population,  which  airports  in  each 
FAA  Region  are  the  best  candidates  for  a survey 
concerning  environmental  conditions? 

Figure  2 is  the  first  page  of  a typical  list- 
ing which  is  useful  as  a basic  reference  for  envi- 
ronmental work.  This  sample  has  the  airports 
ranked  by  scheduled  jet  operations  but  this  type  of 


report  is  frequently  also  listed  in  alphabetical 
order  for  cross  referencing. 

EXAMPLF  OF  RESEARCH  CAPABILITY 

An  Illustration  of  the  potential  of  the  file 
for  use  in  research  is  included  in  this  paper  as  a 
methodological  case  study.  The  subject  matter 
chosen  deals  with  a question  of  interest  to  the 
FAA,  one  which  has  been  under  study  by  others 
using  other  methods.  These  materials  were  created 
expressly  to  demonstrate  the  wealth  of  information 
contained  in  the  file  and  the  adroitness  with 
which  one  can  extract,  organize,  and  reveal  rela- 
tionships among  the  data,  and  further  to  test  hypo- 
theses concerning  these  relationships. 

The  question  we  chose  to  examine  is  suggested 
by  a recent  study  by  Nelson  (1)*,  which  reports 
that  aircraft  noise  has  a statistically  signifi- 
cant and  negative  effect  on  residential  property 
values.  That  study  discusses  the  price  of  land  as 
a function  of  distance  from  airports,  noting  that 
two  distinct  effects  operate  simultaneously--depre- 
clation  due  to  noise,  and  appreciation  due  to 
accessibility  and  increased  commercial  value. 
(Nelson  includes  many  other  nonairport-related 
factors  in  his  analysis,)  In  order  to  inspect  the 
relation  between  home  value  and  distance  from  an 
airport  first  in  a broad  overview,  we  selected  the 
100  busiest  airports  in  the  AIF,  based  on  number  of 
scheduled  jot  operations  stored  in  the  file.  For 
each  airport  the  average  home  value  was  then 
plotted  as  a point  at  each  of  10  average  distances 
from  the  airport.  The  mean  of  all  values  at  each 
distance  was  also  plotted.  Figure  3 is  the  result. 
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Fig.  1 - All  airports  in  the  AIF  listed  with  air  polhition  monitoring  systems  Installed.  Other  data  are 
listed  on  the  printout  as  an  example  of  a special  query:  General  Aviation  Operations,  Air  Carrier 
Operations,  and  EPA  Air  Quality  Control  Region. 

♦Number  in  parentheses  designates  Reference  at  end  of  paper. 
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g.  2 - One  page  from  a listing  compiled  for  reference  purposes. 


There  appears  to  be  by  this  method  a lack  of  dls-  unique  to  their  exposure  index  category.  In  both 

cernible  relationship  between  the  variables.  As  a high  and  low  exposure  index  situations  there  were 

rapid  test  to  see  if  a relationship  might  be  airports  which  showed  both  Increasing  and  decreas- 

noticeable  by  excluding  airports  with  fewer  opera-  ing  home  value  at  the  nearest  distances.  However, 

tlons  we  re-ran  the  plot  using  only  ttie  50  busiest  the  seven  airports  selected  in  the  Nelson  study, 

airports.  Somewhat  surprisingly,  the  results  were  taken  as  a class,  did  exhibit  a characteristic 

almost  Identical  to  these  in  which  100  airports  trend — in  six  of  seven  cases  the  average  home  value 

were  included.  declines  near  the  airport.  This  set  of  curves  is 

Having  dealt  only  with  averages  to  this  point,  shown  in  Figure  i. 
it  seemed  possible  that  strong  relations  might  Due  to  the  wide  range  of  average  home  values 

exist  at  some  airports  or  at  some  types  of  airports  at  differing  airport  locations  and  the  relatively 

but  that  the  averaging  process  obliterates  such  small  difference  between  the  highest  and  lowest 

trends.  To  test  this  hypothesis,  we  decided  simply  value  at  each  particular  airport,  the  trends  in 

to  plot  the  same  variables  as  before  by  connecting  our  plots  such  as  those  in  Figure  6 were  not 

the  points  to  show  trends  at  selected  individual  readily  apparent.  With  the  end  in  mind  of  uncover- 

airports.  In  selecting  airports  for  plotting,  we  ing  a nonobvious  relationship,  we  replotted  the 

compiled  three  lists:  eight  airports  with  rela-  same  data  after  normalizing  each  point  as  a percent 

tively  sparse  population  nearby,  eight  airports  of  maximum  value  at  the  airport.  Figure  5 shows 

with  relatively  dense  population  nearby,  and  the  the  group  which  did  exhibit  an  overall  tendency 

same  seven  airports  selected  for  the  Nelson  study,  when  plotted  by  this  method,  the  eight  airports 

The  AIF  was  used  to  compute  a "population  exposure  with  high  exposure  index.  At  seven  of  these  air- 
index"  as  an  attempt  to  place  the  first  two  lists  ports  there  is  a general  increase  in  home  value  at 

in  possibly  significant  separate  classifications,  greater  distance  from  the  airport. 

Exposure  index  was  defined  as  the  product  of  number  These  samples  of  data  assembly  and  reduction 

of  jet  operations  times  population  living  within  ftom  the  AIF  are  revealing  even  though  they  repre- 

5 miles.  This  particular  classification  scheme  did  sent  only  a demonstration  of  the  types  of  research 
not,  as  we  had  expected,  produce  home  value  vs.  which  can  be  undertaken  with  the  file  as  a data 

distance  curves  with  prominent  characteristics  source.  We  can  see  that  on  the  basis  of  averaging, 
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location  of  airports  does  not  show  a strong  in- 
fluence on  home  value  but  that  at  individual  air- 
ports, proximity  probably  does  exert  an  Influence, 
sometimes  causing  a rise  in  value,  sometimes  a 
decline.  As  a topic  for  further  study,  it  would  be 
appropriate  to  use  the  AIF  to  determine  profiles 
of  airports  which  influence  property  values  up- 
ward and  downward  and  to  try  to  establish  causal 
factors.  It  might  be  necessary  before  starting 
this  type  of  investigation  to  merge  other  types  of 
data  into  the  file,  a task  which  we  normally 
welcome. 

FUTl'RE  OEVELOPMENT  OF  THE  FILE 

As  new  needs  for  airport  information  arise 
and  new  sources  of  data  are  discovered,  the  AIF 
should  continue  to  improve  in  content  as  well  as 
in  ease  and  flexibility  of  use.  At  the  end  of  the 
currently  planned  development  period,  there  will 
be  available  a user's  manual  which  includes  full 
documentation  regarding  file  structure,  nomencla- 
ture, and  suggested  methods  of  use. 

REFERENCE 

1 .J . P .Nelson, "Aircraf t Noise  and  the  Market 
for  Residential  Housing:  Empirical  Results  for 
Seven  Selected  Airports,"  prepared  for  the  Depart- 
ment of  Transportation  under  Contract  No. 
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abstract 

This  paper  describes  the  content  and  applica- 
tion of  the  FAA  Airport  Emissions  Data  Base.  The 
data  base  and  associated  computer  programs  have 
been  designed  by  ORI,  Inc.  for  the  FAA  primarily 
for  the  purpose  of  analyzing  the  impact  of  alterna- 
tive emission  control  measures  on  the  airport  area 
and  the  local  air  quality  region.  The  pollutant 
emissions  considered  include  oxides  of  nitrogen 
(NOx) , hydrocarbons  (HC)  and  carbon  monoxide  (CO). 

Currently  the  data  base  contains  the  ne.-.essary 
files  for  computing  emissions  from  aircraft  engines, 
auxiliary  power  units,  aircraft  ground  service 
vehicles  and  refueling  operations.  Detailed  sta- 
tistical data  have  been  included  for  the  twenty- 
five  most  active  commercial  airports  and  thirteen 
general  aviation  airports.  The  data  base  includes 
actual  data  for  FY  1975  and  forecasts  for  fiscal 
years  1980,  1985,  1990  and  1995. 

Computer  programs  have  been  written  that  com- 
pute NOx,  HC,  and  CO  emissions  from  Che  data  base 
files  for  current  and  future  years  and  the  parti- 
cular scenario  being  analyzed.  Examples  of  the 
data  base  files  and  the  outputs  from  the  Base  Case 
scenario  are  presented. 

THE  PURPOSE  OF  THIS  PAPER  is  to  describe  Che  devel- 
opment and  application  of  the  FAA  automated  Airport 
Emissions  Data  Base. 

The  data  base  and  associated  computer  programs 
have  been  designed  primarily  for  analyzing  the  im- 
pact of  alternative  aircraft  related  emission  con- 
trol measures  on  the  airport  area  and  the  local  Air 
Quality  Control  Region  (AQCR) . The  pollutant  emis- 
sions considered  are  nitrogen  oxides  (NOx) , hydro- 
carbons (HC)  and  carbon  monoxide  (CO) . 

OVERVIEW  OF  DATA  BASE  - Currently  the  data 
base  contains  the  necessary  files  for  computing  the 
NOx,  HC,  and  CO  emissions  from  aircraft  engines, 
aircraft  auxiliary  power  units  (APUs) , ground  serv- 
ice vehicles  (GSVs) , and  refueling  operations  over 
a takeoff  and  landing  (LTO)  cycle. 

The  data  base  at  the  present  time  provides  the 
requisite  data  on  the  25  most  active  air  carrier 
airports  In  terms  of  annual  aircraft  operations  and 
13  general  aviation  airports  including  the  10  busi- 
est .irports.  The  data  base  Includes  actual  air- 
craft -■'perations  data  for  FY  1975  and  forecasts  for 
fiscal  years  1980,  1985,  1990  and  1995. 


Input  Files  - The  data  base  contains  the 
following  basic  input  files: 

• Standard  Data  Input  File 

• Aircraft  Operation.^  File 

• AQCR  Emissions  File 

• County  Emissions  File 

• Meteorological  Data  File. 

Each  of  these  files  will  be  discussed  briefly 
in  this  paper.  A user's  manual  has  been  prepared 
which  provides  detailed  information  on  the  proce- 
dures for  using  and  updating  the  data  base  and  re- 
lated computer  programs  (1). 

Processing  and  Output  - Two  FORTRAN  programs 
have  been  wrlttAu  to  compute  NOx,  HC,  and  CO  emis- 
sions from  the  data  files.  FAA  Pollution  Program  1 
(FAA  POl)  computes  emissions  (in  kilograms)  for  up 
to  14  different  types  of  base  year  (FY  1975)  air- 
port operations  data  (e.g.,  annual,  quarterly,  peak 
month,  peak  day)  as  well  as  operations  Broken  down 
by  operator  category  (e.g.,  air  carrier,  general 
aviation,  air  taxi,  etc.),  and  by  aircraft  type 
(e.g.,  E707,  DCIO,  and  LlOll,  etc.).  In  addition, 
the  number  of  gallons  of  gasoline  and  diesel  fuel 
used  by  ground  service  vehicles  and  the  amount  of 
HC  from  evaporative  losses  and  spillage  are  comput- 
ed for  each  airport. 

The  FAA  POl  program  expands  the  standard  input 
data  and  writes  the  data  on  an  output  file  for  use 
by  FAA  Pollution  Program  2 (FAA  P02)  which  computes 
the  emissions  for  future  years  and  the  particular 
scenario  being  analyzed. 

Detailed  information  on  FAA  POl  and  FAA  P02  is 
available  in  the  FAA  program  documentation  manuals 
(2). 

STANDARD  DATA  INPUT  FILE  DESCRIPTION 

The  standard  data  Input  file  consists  of  the 
following  data  sets: 

• Aircraft  Characteristics 

• Landing-Takeoff  Cycle  Times 

• Aircraft  Engine  Emissions 

• Auxiliary  Power  Units 

• Aircraft  Ground  Service  Vehicles 

• Airport  Characteristics. 

aircraft  CHARACTERISTiCS  DATA  SET  - The  air- 
craft characteristics  data  set  is  the  crosswalk  that 
provides  pointers  to  the  other  data  sets  and  for 
selecting  the  correct  factors  for  computing  the 
total  pollutant  emissions  attributable  to  aircraft 
operations  at  a particular  airport.  Included  in  the 
data  set  are  the  aircraft  name,  its  classification 
(Jumbo  jet,  long-range  jet,  etc.),  the  number  of 
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engines,  the  engine  designation,  a representative 
engine  for  look  up  in  engine  emissions  data  file, 
APU  class  name  for  look  up  in  APU  emissions  data 
file,  LTO  class  name  for  look  up  in  the  LTO  emis- 
sions data  file,  and  the  aircraft  ground  service 
vehicle  class  name  tor  look  up  in  GSV  emissions 
data  file.  Table  1 provides  an  example  of  each  of 
these  aircraft  characteristics. 

Table  1 - Aircraft  Characteristics  Data  Set 


Description 

Aircraft  type  name 
Aircraft  classification 
Number  of  engines 
Engine  designation 
Representative  engine  class 
APU  class  name 
LTO  class  name 
GSV  class  name 


Example 


B7A7 

Jumbo  Jet 
4 

JT-9D7A 
JT-9D7A 
BTCP  660-4 
Jumbo  jet 
B747 


LANDING-TAKEOFF  CYCLE  TIMES  DATA  SET  - The  air- 
craft classifications  are  used  by  the  computer  pro- 
gram to  look  up  the  landing-takeoff  (LTO)  cycle 
times  used  in  computing  engine  emissions.  The  LTO 
cycle  is  separated  into  five  distinct  modes:  (1) 
taxi-idle  out  for  departure,  (2)  takeoff,  (3) 
climbout,  (4)  approach  and  landing,  and  (5)  taxi- 
idle  in  for  arrival.  The  time  (in  minutes)  in  each 
mode  is  listed  for  each  of  the  11  aircraft  classi- 
fications listed  in  Table  2.  An  option  to  the 
computer  program  allows  airport  specific  taxi-idle 
times  to  be  used  in  lieu  of  average  taxi-idle 
times  provided  in  this  data  set. 

Table  2 - Number  of  Aircraft  Types 
by  LTO  Cycle  Classification  Included  in  the 
Aircraft  Characteristics  Data  Set 


LTO  Cycle 

Classification  o 

Number 
f Types 

E-xamples 

Jumbo  Jet 

18 

B747,  DClO-10 

Long-Range  Jet 

19 

DC8-62,  3707 

Medium-Range  Jet  (3) 

8 

B727-100,  B7X7 

Medium-Range  Jet  (2) 

14 

B737-200,  B7N7 

Air  Carrier  Turboprop 

7 

LI 88,  CV440 

Piston  Transport 

1 

11404 

Business  Jet 

11 

LR25,  S210 

General  Aviation 
Turboprop 

8 

DH6,  BE99 

General  Aviation 
Piston 

41 

BE60,  C401 

Helicopter 

8 

S61,  206A 

Military  Aircraft 

4 

Mil  Jet,  Mil 

Total  A/C  Types 

139 

Turboprop 

The  airport  specific  taxi  times  are  contained 
in  the  airport  characteristics  data  set  discussed 
below . 

AIRCRAFT  ENGINE  EMISSIONS  DATA  SET  - This  data 
set  contains  the  estimated  emissions  per  hour  of 
NOx.  HC  and  CO  for  each  segment  of  the  LTO  cycle 
for  each  of  the  representative  engines  listed  in 
the  aircraft  characteristics  data  set. 

The  engine  emission  rate  data  in  this  data  set 
was  obtained  primarily  from  the  FAA  Systems 
Research  and  Development  Service  plus  the  EPA  re- 
ports Aircraft  Emistiion  Factors  (3),  Aircraft 


Technology  Assessment , Status  of  the  Cas  Turbine 
Program  (4) , and  Compilation  of  Air  Pollutant  Emis- 
sion Factors.  Part  A,  AP42  (5) . 

With  this  data  and  the  time  in  mode  from  the 
LTO  cycle  times  data  set,  the  engine  emissions  from 
a specific  circraft  at  a specific  airport  are  com- 
puted. For  example,  the  emission  rates  from  the 
aircraft  engine  emissions  data  set  are  multiplied  by 
the  LTO  cycle  times  for  each  mode  and  then  summed 
over  all  modes  to  provide  the  total  engine  emissions 
in  kilograms  per  LTO  cycle  for  each  of  the  pollu- 
tants of  interest.  Multiplying  this  factor  by  the 
number  of  engines  provides  the  total  engine  emis- 
sions per  LTO  cycle  for  a particular  aircraft  at  a 
specified  airport.  The  number  of  LTO's  is  obtained 
from  the  aircraft  operations  file  discussed  below. 
The  number  of  operations  at  an  airport  divided  by  2 
yields  the  number  of  LTO's  for  that  airport. 

AUXILIARY  POWER  UNIT  DATA  SET  - The  auxiliary- 
power  unit  (APU)  data  set  provides  the  data  for 
computing  APU  emissions  of  NOx.  CO.  The  data 

set  includes: 

o Representative  duty  times  (in  minutes)- 
defined  as  the  time  per  LTO 
o Emission  rates  for  APUs  (in  kilograms 
per  hour)  for  N0x>  HC  and  CO. 

Representative  duty  times  and  emission  rates 
for  NOx.  and  CO  were  obtained  from  the  EPA  tech- 
nical report  Aircraft  Emissions  at  Selected  Airports 
1972-1985  (6) . 

APU  emissions  are  computed  for  each  aircraft 
type  utilizing  an  auxiliary  power  unit.  APU  emis- 
sions per  aircraft  type  are  summed  over  all  aircraft 
types  at  an  airport  to  yield  total  airport  APU  emis- 
sions per  time  period. 

AIRCRAFT  GROUND  SERVICE  VEHICLE  DATA  SET  - The 
aircraft  ground  service  vehicle  (GSV)  data  set  pro- 
vides data  for  computing  GSV  air  pollutant  emis- 
sions. The  types  of  ground  service  vehicles  in- 
cluded in  the  data  set  are  listed  in  Table  3.  Other 
data  included  in  the  file  are  average  service  times 
by  GSV  type  for  each  aircraft  type,  engine  types 
(e.g.,  gasoline  or  diesel),  fuel  consumption  rates, 
and  controlled  and  uncontrolled  emission  factors  for 
gasoline  and  diesel  engines. 

Table  3 - Aircraft  Ground  Service  Vehicle  Types 


Tractor 
Belt  Loader 
Cabin  Service 
Container  Loader 
Lavatory  Truck 
Water  Truck 


Food  Truck 
Fuel  Truck 
Conditioner 
Alrstart 

Ground  Power  Unit 
Transporter 


Each  aircraft  type  in  the  aircraft  characteris- 
tics data  set  receiving  service  from  any  ground 
service  vehicle  type  hat  a GSV  classification  name, 
e.g.,  B747  which  is  used  by  the  computer  program  to 
look  up  the  GSV  emissions  data.  GSV  operating  times 
are  computed  by  multiplying  one-half  the  total  num- 
ber of  operations  of  each  aircraft  type  by  the  serv- 
ice time  of  each  vehicle  type.  The  operating  times 
are  increased  by  specific  factors  to  account  for  the 
time  in  the  idle  mode  when  vehicles  are  not  serving 
aircraft.  The  operating  times  are  combined  with  the 
fuel  consumption  rates  and  emission  factors  to  com- 
pute ground  service  vehicle  emissions  at  each  air- 
port by  aircraft  type.  The  computer  program  also 


computes  and  prints  out  the  gallons  of  automotive 
gasoline  and  diesel  fuel  consumed.  The  gasoline 
data  is  used  in  computing  hydrocarbon  emissions 
from  evaporation  during  refueling  operations. 

The  data  in  the  CSV  data  set  is  based  on  the 
EPA  report,  An  Air  Pollution  Impact  Methodology  for 
Airports  (7) . This  report  provided  the  average 
times  in  which  each  CSV  services  each  of  the  ten 
specific  aircraft  types,  GSV  fuel  consumption 
rates,  and  emission  factors. 

Comoercial  aircraft  which  utilize  GSVs  but 
which  were  not  included  in  the  EPA  report,  are 
assumed  to  have  service  times  equal  to  aircraft 
types  of  similar  size  and  seating  capacity  which 
are  included  in  the  report.  For  example,  the  EPA 
report  does  not  provide  GSV  service  times  for  the 
Lion  aircraft  but  does  Include  service  times  for  a 
similar  aircraft,  the  B747.  Therefore  the  LlOll  Is 
assumed  to  have  the  same  service  times  as  those 
listed  for  the  B747. 

AIRPORT  aiARACTERlSTICS  DATA  SET  - This  data 
set  provides  information  on  each  airport  and  oper- 
ates as  a crosswalk  to  many  other  data  sets  and 
files.  The  following  data  elements  are  provided  in 
this  data  set: 

• LOCID  - A three  letter  airport 

identifier 

• Airport  name 

• Associated  city 

• County 

• State 

• AQCR 

• EPA  Region 

• UTMG  Coordinates 

• Area  in  square  kilometers 

• Nearest  city 

• PANCAP-Practical  Annual  Capacirv  for 

FY  1975  and  forecasts  for  19a0-1995 

• Taxi-idle  times  by  class  of  aircraft. 

The  capacity  data  for  each  airport  is  from  the 
FAA  Report  on  Airport  Capacity  Large  Hub  Airports 
in  the  United  States  (8)  . Airport  specific  taxi- 
idle  times  are  from  the  FAA  document,  Airline  Delay 
Trends  1974-1975  (9)  and  the  FAA  Office  of  Systems 
Engineering  Management. 

AIRCRAFT  OPER'.TiONS  FILE 

The  aircraft  operations  file  contains  the  num- 
ber of  aircraft  operations  (arrivals  and  depar- 
tures) for  each  of  the  airports  in  the  data  base. 
Operations  are  broken  down  into  four  operator 
categories  (air  carrier,  air  taxi,  general  aviation 
and  military)  and  by  aircraft  type  within  each 
category.  Operations  data  for  the  base  year 
(FY  1975)  Include  annual,  seasonal  (quarterly), 
peak  month,  peak  day  and  hourly  operations  on  the 
peak  day.  Annual  forecasts  of  operations  only  are 
included  for  fiscal  years  1980,  1985,  1990  and 
1995. 

The  aircraft  operations  file  is  used  in  com- 
puting aircraft  engine  emissions,  ground  service 
vehicle  and  APU  emissions.  Operations  are  con- 
verted to  Landing- Takeoff  (LTO)  r''cles  by  dividing 
the  number  of  operations  by  two. 

SOURCES  OF  BASE  YEAR  DATA  - The  FAA  publica- 
tion, FAA  Air  Traffic  Activity,  Fiscal  Year  1975 
(10),  provides  a categorical  breakdown  of  aircraft 
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operations  for  the  base  year  (FY  1975)  by  air 
carrier,  air  taxi,  general  aviation  and  military 
aircraft  operations.  Statistics  on  daily  and  month- 
ly aircraft  operations  were  obtained  from  FAA  data 
files . 

Air  Carrier  Aircraft  Operations  - Air  carrier 
operations  by  aircraft  type  are  determined  by  sum- 
ming the  aircraft  operations  of  Certificated  Route 
Air  Carriers,  Foreign-Flag  Air  Carriers,  Intra-State 
Air  Carriers,  and  Supplemental  Air  Carriers. 

Air  Taxi  Operations  - The  number  of  operations 
by  aircraft  type  for  scheduled  Air  Taxi  operators  is 
obtained  from  the  Official  Airline  Guide,  North 
American  Edition.  The  statistics  on  non-scheduled 
air  taxi  operations  are  obtained  from  the  Airport 
Activity  Statistics  (AYE)  file  in  the  FAA  Inquire 
Data  Base. 

General  Aviation  Aircraft  Operations  - No  spe- 
cific count  is  made  by  FAA  tower  operators  pertain- 
ing to  general  aviation  operations  except  whether 
the  traffic  is  itinerant  or  local. 

Local  operations  by  aircraft  categories  (eg., 
single  engine  piston,  etc.)  are  estimated  from  a 
county  breakout  of  active  general  aviation  aircraft. 

General  aviation  Itinerant  operations  by  air- 
craft types  for  each  of  the  selected  commercial  and 
general  aviation  airports  are  based  on  an  FAA  spon- 
sored survey. 

Within  each  category  of  general  aviation  air- 
craft, the  representative  aircraft  types  are  deter- 
mined by  using  the  national  distribution  of  aircraft 
contained  in  The  Census  of  U.S,  Aircraft  (11).  The 
representative  aircraft  selected  by  aircraft  cate- 
gory are  shown  in  Table  4 . 

Table  4 - General  Aviation  Disaggregation  Factors 


Single  Engine  Piston  Turbojets 


C150 

402 

Falcon 

41% 

PA28 

13% 

U33 

38% 

CI72 

13% 

C500 

31% 

C177 

C182 

9% 

19% 

Helicopters 

C2I0 

6% 

4 7G2 

50% 

Multi 

Engine  Piston 

206B1 

50% 

PA30 

9% 

Turboprops 

PASE 

6% 

BE65-90 

56% 

C337 

7% 

MU2B 

44% 

BE50 

3% 

C3I0 

56% 

C401 

14? 

BE65 

5% 

The  representative  aircraft  were  selected  in 
the  following  manner.  A list  of  aircraft  was  com- 
piled comprising  90  percent  of  the  national  general 
aviation  Inventory  by  category  (e.g.,  single  engine 
piston  and  multi-engine  piston,  etc.).  These  air- 
craft were  then  aggregated  by  horsepower  (or  thrust). 
A representative  aircraft  was  then  cslected  for  e-^ch 
horsepower  (or  thrust)  group  within  each  aircraft 
category.  For  example,  referring  to  Table  4,  the 
C150  was  selected  as  representative  of  40  percent  of 
all  single  engine  aircraft  in  the  Inventory. 

Military  Aircraft  Operations  - The  FAA  Air 
Traffic  Activity,  Fiscal  Year  1975  (10)  provides 
monthly  counts  and  total  arrival  operations  by  mili- 
tary aircraft  at  each  of  the  selected  airports.  The 
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breakdown  of  military  aircraft  by  category  (jet, 
turboprop,  piston  and  rotorcraft  is  based  on  the 
national  distribution  for  military  aircraft  for 
itinerant  operations  and  t>ie  mix  of  based  aircraft 
for  local  operations.  Based  aircraft  information  is 
contained  in  FAA  report.  Report  on  Airport  Capacity 
barge  Hub  Airports  in  the  United  States  (8).  for 
those  airports  which  reported  local  military  air- 
craft operations  but  did  not  have  military  bas -d 
aircraft,  the  national  distribution  figures  are 
used . 

AIRCRAFT  OPERATIONS  FORECASTS  - Data  on  luture 
aircraft  operations  by  airport  is  furnished  by  the 
FAA  Office  of  Aviation  Policy.  This  data  provides 
the  annual  operations  forecasted  at  five  year  inter- 
vals through  1995  at  each  of  the  airports. 

Forecasts  of  aircraft  tvpe.s  .ire  ootained  from 
the  L’G3RD  Baseline  and  Implementation  Scenario  (12). 

EVAPORATIVE  HYDROCARBON  EMISSIONS 

The  FAA  Airport  Emissions  Data  Base  currently 
Includes  programs  for  estimating  the  hydrocarbon 
emissions  from  refueling  operations  (displacement 
losses  and  spillage) . Other  sources  of  hydrocarbon 
emissions,  such  as  fuel  storage  tanks  and  refueling 
tank  trucks  may  be  Included  in  the  expansion  of  the 
data  base  at  a future  date. 

BASE  YEAR  (FY  1975)  ESTIK/TES  - The  estimated 
gallons  of  aviation  gasoline  and  jet  fuel  sold  and/ 
or  dispensed  in  FY  1975  at  each  of  the  airports  are 
included  in  the  aircraft  operations  input  file.  The 
amount  of  automotive  gasoline  used  to  refuel  auto- 
mobites  and  ground  service  vehicles  at  air  carrier 
airports  is  estimated  by  computing  the  gasoline  used 
in  the  operation  of  ground  service  vehicles.  Esti- 
mates of  tbt  FTf  1975  automotive  gasoline  pumped  at 
the  13  general  aviation  airports  included  in  rhe 
data  base  are  based  on  reports  from  the  airport 
operators . 

Estimates  of  the  amount  of  jet  fuel  sold/ 
delivered  in  FY  1975  at  each  of  the  commercial  air- 
ports are  based  on  data  published  by  the  Air  Ti-ns- 
port  A.ssociatlon  of  America  (ATA)  on  turbine  fuel 
consumption  (13).  The  ATA  fuel  consumption  data 
includes  both  fuel  used  in  domestic  operations  and 
fuel  uplifted  in  the  United  States  for  international 
operations  of  the  U.S.  and  foreign  air  carriers. 

The  domestic  fuel  was  adjusted  upward  to  account  for 
jet  fuel  used  by  gener.tl  aviation  at  the  commercial 
airports  . 

Estimates  of  jet  fuel  and  aviation  gasoline 
sold/delivered  in  FT  1975  at  the  13  general  aviation 
airports  are  based  on  information  provided  in  re- 
sponse to  written  ard  verbal  requests  to  the  airport 
managers  for  data  on  fuel  storage  and  handling. 
Similarly  the  estimates  of  aviat_on  ga.soline  sold/ 
delivered  at  the  commercial  airports  in  FY  1975  are 
based  on  data  supplied  by  the  airport  managers  and/ 
or  fixed  base  operators. 

FORECASTS  FOR  FUTURE  YEARS  - Forecasts  of  fuel 
sold/delivered  for  fiscal  years  1980,  1985,  1990  and 
1995  are  developed  for  the  25  air  carrier  airports 
for  the  three  types  of  fuel  as  described  in  the 
following  paragraphs. 

Jet  Fuel  - Estimates  of  jet  fu?l  consumption  for 
each  of  the  forecast  years  at  each  airport  for  do- 
mestic operations  are  derived  by  computing  the  per- 
cent increase  or  decrease  in  operations  of  turbine 


powered  aircraft  from  the  base  year  and  then  apply- 
ing that  oercent  to  the  FY  1975  fuel  consumed  for 
domestic  flights  at  that  airpt^rt. 

The  ATA  provides  estimates  of  turbine  fuel  for 
internat ic nal  flights  uplifted  in  the  U.S.  for  the 
five  years  1977-1981  (13).  These  forecasts  show  an 
average  .annual  growth  rate  of  3.9  percent.  Projec- 
tions of  .uel  uplifted  at  the  air  carrier  airports 
with  International  flights  are  based  on  the  FY  1975 
data  and  this  annual  growth  rate.  These  estimates 
are  then  added  to  the  estimates  for  domestic  opera- 
tions to  obtain  total  jet  fuel  soid/de 1 ivered  at 
each  of  the  commercial  airports. 

Aviation  Gasoline  - The  estimates  of  aviation 
gasoline  pumped  at  an  airport  are  based  on  the  per- 
cent increase  or  decrease  from  FY  1975  in  piston 
aircraft  operations  at  each  airport. 

Automotive  Gasoline  - Forecasts  of  automotive 
gasoline  are  derived  from  the  estimated  gasoline 
consumed  by  the  ground  service  vehicles  in  each  of 
the  forecast  years  at  each  air  carrier  airport. 

EVAPORATIVE  HYDROCARBON  EMIfSIONS  FROM  AIR- 
CRAFT/VEHICLE REFUELING  - Aircraft  and  motor  vehicle 
refueling  losses  are  estimated  by  the  following 
equat ion  ( 14) : 


Ll  = 12.46 


SPM 

Tr 


Where:  Ll  = I.oading  loss,  lbs/10^  gal  of  fuel 
loaded 

S = Saturation  factor  - Use  S = 
1.45  for  splash  loading 
(Av  gas  and  Mo  gas);  S » 0.6 
for  submerged  loading  (jet 
kerosene) 

P s True  vapor  pressure  of  fuel 
loading  psia 

M » Molecular  weight  of  gasoline 
vapors 

Tr  = Bulk  temperature  of  liquid 
loaded,  °R 
(Tr  = Tr  + 459.67} 

Control  measures  for  reducing  loading  emis.ions 
include  the  application  of  vapor  recovery  equipment. 
Control  efficiencies  are  reported  to  range  from  90 
to  98  percent  ( 14) . 

The  computer  programs  include  an  option  to 
Indicate  if  the  refueling  operations  are  controlled 
or  not.  Emissions  from  controlled  loading  opera- 
tions are  calculated  by  multiplying  the  uncontrolled 
emission  rate  by  the  control  efficiency  term: 

1 - Efficiency 
100 


EV.VPORATITC 
Spillage  losses 
to  be  negligible 
spilled  fuel  are 
ground  ctews  due 
age  is  estimated 
the  EPA  estimate 
thousand  gallons 


HYDROCARBON  EMISSIONS  FROM  SFILUGE 
from  refueling  aircraft  are  assumed 
because  significant  quantities  of 
generally  washed  away  promptly  by 
t,7)  fire  hazards.  Therefore  spll’.- 
for  automotive  gasoline  only,  using 
of  0.7  pounds  of  hydrocarbons  p r 
of  throughput  ( 14) . 
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AIR  QIALITY  CONTROL  RECION  ;\ND  COL'NTY  EMISSIONS 
DATA  FILES 

The  Air  Ovality  Control  Region  (AQCR)  and 
county  emissions  data  files  contain  total  CO,  HC 
and  NO  emissions  In  metric  tons  for  the  base  year 
(FY’  19^5)  and  the  forecast  years  1989-1993.  The 
purpose  of  these  files  is  to  provide  a reference  to 
determine  the  contribution  of  aircraft  engine  emis- 
sions to  the  air  pollution  in  a specified  area. 

The  data  are  used  to  determine  the  relative  (per- 
centage) amount  each  airport  contributes  to  its 
respective  county  and  AQCR.  The  primary  source  of 
data  for  the  ACQR  and  county  emission  data  files 
is  the  National  Emissions  Data  System  (NEDS)  main- 
tained by  the  EPA  Office  of  Air  Quality  Planning 
and  Systems. 

Estimates  of  future  emissions  inventories  are 
developed  by  applying  factors  developed  by  the 
Department  of  Energy  (DOE)  to  the  FY  1975  NEDS 
data.  The  DOE  estimates  the  emissions  implica- 
tions of  various  fuel  use  projections. 

METEOROLOGICAL  DATA  FILE 

A meteorological  data  file  has  been  included 
in  the  FAA  Airport  Emissions  Data  Base  to  provide  a 
basis  for  dispersion  modeling  which  will  hopefully 
be  carried  out  at  some  future  time.  The  following 
meteorological  parameters  are  included  in  the  data 
base  for  each  airport: 

• Mean  seasonal  wind  direction 

• Mean  seasonal  wind  speed 

• Mean  seasonal  mixing  height 

• Mean  seasonal  stability 

• Annual  average  station  pressure 

• Seasonal  joint  frequency  distribution 
for  wind  direction,  wind  speed,  and 
stability . 

Local  Climatology  Data  (LDC)  is  obtained  from 
the  National  Oceanic  and  Atmospheric  Administration 
(NOAA)  in  Silver  Spring,  Md.  Stability  array 
(STAR)  data  is  obtained  from  the  National  Climatic 
Center  (NCC)  in  Asheville,  N.C. 

This  completes  the  discussion  of  the  develop- 
ment of  the  FAA  Airport  Emissions  Data  Base.  The 
remainder  of  this  paper  is  focused  on  the  analysis 
of  a Ease  Case  Scenario. 

ANALYSIS  OF  A BASE  CASE  SCENARIO 

The  Base  Case  examines  the  contribution  of 
aircraft  related  emissions  of  NO  , HC  and  CO  as- 
suming aircraft  emission  controls  are  not  imple- 
mented. Three  new  aircraft  types  are  introduced 
during  the  forecast  period:  A300B,  E7X7,  and 
B7N7.  The  A300B  represents  all  new  twin  engine 
wlde-body  aircraft.  The  B7X/  represents  all  m w 
three  engine  medium  range  transports  and  ths  B7N7 
represents  all  new  two  engine  medium  range  trans- 
ports. All  piston  and  turboprop  aircraft  are 
phased  out  of  air  carrier  operations  by  FY  1985. 

FORECAST  AIRCRAFT  OPERATIONS,  FY  1975-1995  - 
During  the  20-year  period  FY  1975-95,  total  aircraft 
operations  at  seven  major  airports  examined  in  the 
Base  Case  are  forecast  by  the  FAA  to  Increase  by 
about  38  percent  while  air  carrier  operations  are 
expected  to  Increase  by  about  25  percent  as  shown 


In  Table  5. 

CHANGES  IN  AIRCRAFT  RFUTED  E'flSSIONS  FY  1975- 
1995  - The  combined  impact  of  the  changes  in  air 
carrier  fleet  mix  and  the  growth  in  operations  is 
shown  in  Table  6.  This  Table  shows  the  changes  in 
aircraft  related  emissions  in  absolute  and  relative 
terms  over  the  20-ye3r  period.  As  can  be  seen  from 
the  table,  emissions  of  NO  and  CO  are  forecast  to 
increase  while  HC  Is  expected  to  decrease  except 
at  Washington  National  and  Greater  Pittsburgh  Air- 
ports. The  decrease  in  HC  emissions  results  from 
the  Introduction  of  new  aircraft  types  and  the 
replacement  of  older  aircraft.  The  increase  in 
HC  at  Pittsburgh  can  be  attributed  to  the  over  100 
percent  increase  in  aircraft  operations  shown  in 
Table  5,  At  Washington  National  a decrease  in  HC 
emissions  from  air  carrier  operations  is  offset 
by  increases  in  HC  contributed  by  other  activities. 
Overall,  NO  and  CO  emissions  at  the  seven  major 
I'.S.  alrporfs  could  increase  by  about  95  and  50 
percent  respectively  betv;een  fiscal  years  1975  and 
1995,  if  aircraft  engine  emissions  standards  are 
not  imposed.  Aircraft  related  HC  emissions  are 
forecasted  to  decrease  at  the  majority  of  airports. 

Other  findings  from  the  analysis  of  the  Base 
Case  Include: 

• Of  the  airport  emissions  sources 
analyzed  (aircraft  engines,  API's, 

GSVs,  refueling  operations),  aircraft 
engines  accounted  for  almost  90  percent 
of  the  NO  and  roughly  80  percent  of 
the  HC  anS  CO  in  FY'  1975.  By  1995, 

if  emission  controls  are  not  applied 
and  the  mix  of  gasoline  engine  GSVs 
remains  unchanged  from  FY  1975,  GSVs 
will  contribute  9 percent  of  the  NO  , 

15  percent  of  the  HC  and  19  percent 
of  the  CO. 

• The  majority  (80  percent)  of  the  25 
airports  included  in  this  study  con- 
tributed les"  than  3 percent  of  the 
county  and  less  than  1 percent  of 
the  AQCR  emissions  in  FY  1975.  How- 
ever, by  FY  1995,  the  percent  con- 
tribution of  aircraft  related  NO  and 
CO  emissions  can  be  expected  to  ?n- 
crease.  Thr  percentage  contribution 
to  total  AQCR  CO  emissions  by  the 
seven  airports  is  expected  to  climb 
from  0.5  percent  to  1,6  percent  or 
2A7  percent.  The  increase  will  re- 
sult primarily  from  the  forecast  in- 
crease in  aircraft  related  CO  emis- 
sions and  the  forecast  decrease  in 
overall  AQCR  emissions  due  to 
stricter  automobile  standards  (see 
Ta'ules  7 and  8)  . 

• In  FY  1975,  the  aircraft  related 
emissions  at  12  of  the  13  general 
aviation  airports  in  the  Data  Base 
constituted  less  than  1 percent  of 

the  county  and  AQCR  inventories  of  NO  , 
HC  and  CO.  The  one  exception  is  Fair- 
banks International.  The  aircraft  re- 
lated HG  and  CO  emissions  at  this 
airport  were  over  4 and  5 percent  of 
the  county  emissions  respectively  in 
FY  1975  due  to  the  remoteness  of  the 
srea. 
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Table 

5 - Estimated 

Total  Aircraft 

Operations  at 

Seven 

Major  Cornmercial  Airports  and 

Percent  Change 

FY 

1975  - 1995 

Total 

Air 

Carrier 

Airport 

1975 

1995 

Z Increase 

1975 

1995 

X Chan> 

ATL 

480,542 

698,000 

45 

417,365 

602,000 

44 

DCA 

309,79  3 

360,000 

16 

203,039 

198,000 

- 2 

DEN 

395,928 

505,000 

27 

203,496 

317,000 

56 

JFK 

341,354 

505,250 

48 

285,425 

405,250 

U2 

LAX 

462,238 

692,500 

50 

344,945 

368,000 

7 

ORD 

690,419 

740,000 

7 

577,283 

610,000 

6 

PIT 

290,789 

600,550 

107 

181 ,648 

271,000 

49 

TOTAL 

2,971,063 

4,101,300 

38 

2,213,201 

2,771,250 

25 

Table  6 - Estimated  Absolute  (Metric  Tons)  and 
Percent  Change  in  Total  Aircraft  P.elated  Emis- 
sions at  Seven  Commercial  Airports 


FY 

1975  - 

1995 

NO 

X 

HC 

CO 

•port 

Amt 

X 

Amt 

Amt 

% 

ATL 

2878 

108 

-685 

-19 

1455 

17 

DCA 

498 

49 

10 

2 

842 

33 

DEN 

1449 

120 

-132 

-10 

1185 

31 

JFK 

3377 

126 

-1394 

-14 

7717 

58 

LAX 

1786 

61 

-2073 

-36 

1359 

15 

ORD 

2624 

63 

-2889 

-33 

3345 

24 

PIT 

1138 

129 

217 

25 

1804 

87 

Table  7 - Base  Case  Aircraft  Related  Emissions 
as  Percent  of  County  Emissions 


FY  1975 

and 

FY  1995 

NO 

HC 

CO 

■port 

1975 

1995 

1975 

199.6 

1975 

1995 

ATL 

9.6 

14.9 

5.2 

3.7 

4.0 

11.5 

DCA 

11.5 

14.4 

3.9 

3.9 

3.0 

12.8 

DEN 

3.6 

5.5 

2.2 

2.0 

1.4 

3.9 

JFK 

2.2 

4.4 

7.8 

6.6 

2.9 

16.1 

LAX 

0.8 

0.9 

0.7 

0.4 

0.4 

1.4 

ORD 

1.5 

2.1 

1.6 

0.9 

1.2 

3.0 

PIT 

0.7 

1.2 

0.7 

1.0 

0.4 

2.2 

Table  8 - Base  Case  Aircraft  Related  Emissions 
as  Percent  of  AQCR  Emissions 
FY  1975  and  FY  1995 


port 

1975 

1995 

1975 

1995 

1975 

1995 

ATL 

2.3 

3.5 

2.1 

1.5 

1.4 

4.0 

DCA 

0.6 

0.8 

0.2 

0.2 

0.2 

1.0 

DEN 

1.2 

1.8 

0.9 

0.8 

0.5 

1.5 

JFK 

0.3 

0.6 

0.7 

0.6 

0.3 

1.6 

LAX 

0.5 

0.6 

0.5 

0.3 

0.2 

0.8 

ORD 

0.6 

0.7 

1.0 

0.5 

0.5 

1.3 

PIT 

0.2 

0.4 

0.4 

0.5 

0.2 

1.2 

FAA-EPA  TAXI  TIME  ANALYSIS  - The  purpose  of 
this  analysis  is  to  determine  the  impact  of  con- 
sidering EPA  defined  taxi  times  as  opposed  to 
actual  average  (FAA)  taxi  times  on  air  pollutant 
emissions  in  the  airport  vicinity  and  local  EPA 
Air  Quality  Control  Region  (AQCR).  The  basic 
difference  between  EPA  and  FAA  taxi  times  is  that 


EPA  taxi  times  do  not  vary  by  airport,  whereas, 

FAA  taxi  times  are  airport  specific.  Since  the 
amount  of  time  an  aircraft  spends  in  the  taxi-idle 
mode  of  operation  is  a variable  primarily  depend- 
ent on  the  particular  airport  under  study,  the 
FAA  airport  specific  taxi  times  are  probably  more 
realistic  than  the  EPA  times. 

Table  9 presents  a comparison  of  aircraft 
related  NO  , KC  and  CO  emissions  computed  using 
FAA  and  EP^  taxi  times  for  the  eight  airports  con- 
sidered in  this  analysis.  Substantial  increases 
in  HC  and  CO  emissions  occur  when  EPA  taxi  times 
are  used  in  emission  calculations  at  airports  re- 
porting lower  actual  average  taxi  times.  The 
greatest  impact  is  in  HC  emissions.  For  example, 
aircraft  related  HC  emissions  at  Washington 
National  Airport  increased  74  percent  when  EPA 
taxi  times  were  substituted  for  FAA  taxi  times  in 
engine  emission  calculations.  J.F.  Kennedy  is  the 
only  airport  of  the  38  airports  in  the  data  base 
where  actual  average  taxi  times  exceed  EPA  taxi 
times  which  accounts  for  the  decrease  in  emissions 
shown  in  Table  9 for  JFK. 

Tlie  following  findings  may  be  drawn  from  the 
analysis : 

• The  time  spent  by  aircraft  in  the 
taxi  idle  mode  of  operation  has  a 
significant  impact  on  HC  and  CO 
engine  emissions  and  a relatively 
small  impact  on  emissions  of  NO  . 

• The  use  of  EPA  taxi  time;,  as  opposed 
to  FAA  taxi  times  in  aircraft  engine 
emission  calculations  probably  over 
estimates  HC  and  CO  emissions  at 
practically  all  airports  in  the 
United  States  . 


This  paper  has  attempted  to  provide  an  over- 
view of  the  development  and  use  of  the  FAA  Airport 
Emissions  Data  Base  by  describing  the  files  which 
make  up  the  Data  Base  and  by  highlighting  some  of 
the  results  obtained  under  a Base  Case  scenario. 
The  analysis  of  the  Base  Case  seems  to  indicate 
that  the  FAA  Data  Base  and  related  computer  pro- 
grams are  fully  adequate  to  provide  a framework 
for  the  analysis  of  proposed  aircraft  engine  emis- 
sion standards  on  the  airport  air  quality  control 
regions.  As  mentioned  at  the  beginning  of  the 
paper,  this  is  the  Intended  purpose  of  the  FAA 
Airport  Emissions  Data  Base. 
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Table  9 - Aircraft 

Related  Emissions 

Base  Case 

Scenario 

FY  1975 

NO 

HC 

CO 

Airport 

FAA 

EPA 

a% 

FAA 

EPA 

AX 

FAA 

EPA 

AX 

Taxi  Times 

Taxi  Times 

Taxi  Times 

Taxi  Times 

Taxi  Times 

Taxi  Times 

ATL 

2657 

2803 

5 

3518 

4852 

38 

8531 

10516 

23 

DCA 

1023 

1127 

10 

635 

1103 

74 

2515 

3603 

43 

DEN 

1207 

1312 

9 

1323 

2311 

75 

3797 

5253 

38 

JFK 

2678 

2618 

-2 

9846 

8879 

-10 

13378 

12087 

-10 

LAX 

2919 

3062 

5 

5828 

8286 

42 

9220 

12114 

31 

ORD 

4138 

4223 

2 

8674 

9841 

13 

14009 

15441 

10 

PIT 

883 

987 

12 

863 

1964 

128 

2061 

3697 

79 

OFF 

11 

12 

9 

97 

118 

22 

2464 

2795 

13 
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DISCUSSION 

CKl.INAS;  What  kinds  of  emission  factors  did  you 
use  for  ground  service  vehicles  and  what  time 
factors?  I know  Argonne  has  developed  data  on 
operating  times  for  various  types  of  ground  service 
vehicles  on  the  airfield.  That  is  the  first  ques- 
t ion. 

The  second  question  deals  with  the  API'  emissions. 

I would  like  to  know  how  you  estimated  the  APU 
emissions . 

PATTEN:  In  both  cases,  the  data  we  have  come  from 

EPA-publ ished  data.  The  EPA  data  for  the  ground 
service  vehicle  times  and  emissions  per  gallon  of 
fuel  burned  or  gallon  of  diesel  fuel  burned  were 
published  in  EPA  reports.  The  source  of  those 
reports  is  Argonne. 

I am  now  looking  for  additional  data  on  ground 
service  vehicles.  Every  place  that  we  looked  it 
came  back  to  Argonne. 

CiELINAS:  I know  I had  a lot  of  problems  in  the 

study.  We  also  looked  at  ground  service  vehicle 
emissions  and  aircraft  emissions,  and  were  trying 
to  find  sources  on  the  airfield  to  reduce,  and  I 
had  a hard  time  finding  data  on  ground  service 
operation  times. 

PATTEN:  One  additional  thing,  we  asked  Greiner 
Engineering  in  Tampa,  Florida  what  they  had,  and 
they  came  back  with  the  same  EPA  data  except  they 
had  accumulated  data  for  general  aviation  aircraft. 
We  have  some  ground  service  vehicles  in  the 
business,  so  we  did  add  that.  Other  than  that,  it 
is  straight  out  of  EPA-publ ished  data. 

GELINAS:  On  the  APU  operations,  did  you  assume 
certain  times  of  operations  of  the  APU;  for  In- 
stance, the  APU  would  be  operating  while  they  were 
landing  and  taxiing,  idling,  and  also  while  they 
were  parking,  and  did  you  go  through  a process  of 
assuming  that  while  the  aircraft  was  at  the  gate, 
for  one  hour  the  APU  was  operating,  and  after  that, 
it  shut  down?  Did  you  go  through  such  a process? 

PATTEN:  We  did  not  compute  those  times.  We  found 
them  in  published  data  where  you  have  APU's  by  type 
of  aircraft,  and  the  operating  time  of  that  APU  per 
landing  and  tr.keoff  cycle.  The  data  gave  us  opera- 
ting time  and  emissions  per  minute  of  operations. 

GELINAS:  I did  want  to  comment  on  the  ground  ser- 

vice vehicle  emission  factors.  They  are  really  in 
poor  shape  in  terms  of  accounting  for  deterioration 
and  age  of  the  vehicles.  The  ground  service  ve- 
hicles are  not  maintained  very  well.  1 think  there 
is  a need  for  improvement,  although  I'm  sure  they 
don't  amount  to  very  much  as  a total  percent  of 
emissions  on  the  airfield. 

YAMARTINO:  You  mentioned  90  percent  of  the  NO  and 
80  percent  of  the  CO  and  hydrocarbons  for  thls'^ase 
year  came  from  the  aircraft  engines.  What  else  was 
being  counted  there?  Does  that  Include  cars  and 
ground  service  vehicles? 


PATTEN:  It  counts  the  four  aircraft-related  ele- 

ments that  I showed  at  first,  the  aircraft  engines, 
the  APU's,  the  ground  service  vehicles,  and  evap- 
orative hydrocarbon  losses  from  refueling  only;  80 
percent  of  that  total. 

YAMARTINO:  It  does  include  ground  service  vehicles? 

PATTEN:  Ground  service  vehicles  that  service  air- 
craft, not  the  taxis  or  any  of  the  other  traffic. 

DALEY:  What  are  the  plans  for  updating  the  data 
base?  Will  they  be  updated  annually,  or  is  there 
any  specific  plan? 

PATTEN:  1 can  only  speak  for  this  data  base,  not 

for  Dave's,  but  we  are  In  the  process  of  updating 
the  forecast,  in  terms  of  annual  operations, 
quarterly  operations,  all  the  way  down  to  peak  hour, 
and  also  to  update  the  fleet  mix. 

WINER:  Since  you  asked,  we  don’t  have  any  specific 

plan  to  update.  There  are  so  many  parts  of  ours 
that  we  will  update  some  parts  regularly  and  other 
parts  irregularly.  We  would  try  to  update  the 
operations  Information  at  least  an.iually,  probably 
more  often,  but  some  of  the  others  are  pretty 
static . 
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ABSTRAGT 

Initial  results  of  a recently  completed 
monitoring  and  analysis  ])rogram  designed  to 
assess  the  impact  of  emissions  from  the  Concorde 
SST  have  led  to  further  review  of  the  Basic 
assumptions  made  in  a number  of  airport  air 
quality  models.  Although  fundamental  details 
of  the  dispersion  process  are  often  ignored, 
these  assumptions  are  often  adequate  for  a 
particular  scale  of  analysis.  This  scale 
implies  a basic  limit  of  resolution  for  each 
model.  Many  models  use  simulation  techniques 
that  generally  overestimate  concentrations 
associated  with  aircraft  emissions,  particularly 
in  the  near  field.  This  paper  discusses  the 
limitations  of  these  techniques  and  presents 
illustrative  cases  for  which  more  refined 
modeling  analysis  is  required.  Preliminary 
results  of  comparisons  between  predicted  CO  con- 
centrations and  those  measured  during  the 
Concorde  monitoring  program  show  that  initial 
plume  rise  and  jet  wake  dispersion  of  effluents, 
as  well  as  choices  of  atmospheric  dispersion 
coefficients,  have  important  effects  upon  pollu- 
tant concentration  estimates  for  receptors 
located  within  a kilometer  of  the  source  path- 
way . 

1.  INTRODUCTION 

Since  the  passage  of  the  National  Hnviron- 
mental  Policy  Act  (NEPA)  and  the  Clean  Air  Act 
(CAA)  of  1970,  air  quality  models  have  been  used 
quite  frequently  to  assess  the  potential  impacts 
of  new  airports  or,  more  frequently,  the  changes 
in  design  or  operation  of  existing  airports. 

Many  air  quality  studies  of  airports  .and 
their  associated  impacts  have  demonstrated  the 
dominant  role  of  nonaircraft  sources  in  deter- 
mining air  quality  at  the  airport  site  boundary 
and  beyond.  Regulatory  agencies,  however, 
continue  to  be  concerned  about  impact  on  air 
quality  of  public  areas  within  airport  boundar- 
ies, as  well  as  on  the  immediate  area.  For 
rural  and  suburban  airports,  the  concentration 
of  several  types  of  transportation  sources  in 
one  small  area  may  represent  the  largest  single 
area  source  of  carbon  monoxide  (CO)  and  nitrogen 
oxide  (NO  ) pollutants  in  the  region.  For  a 
rural  air^basin  with  limited  meteorological 
dilution  capacity,  this  area  source  could  be  a 
significant  contributor,  although  probably  not 
the  dominant  one,  to  regional  photochemical 
oxidant  levels.  For  all  of  these  reasons,  there 
is  continuing  federal  regulatory  interest  in 
assessing  the  adequacy  of  both  aircraft  emission 
standards  and  state  implementation  plans  (SIPs) 
for  control  of  airport  impacts  on  community  air 


quality.  In  many  cases,  general-purpose 
Gaussian  plume  models  describing  i)oliutan  trans- 
port have  been  combined  with  airport  source 
inventory  models  that  compute  the  geographic 
distribution  of  emissions.  An  early  example  is 
the  well  known  Northern  Research  and  Lngineering 
Gorp.  model  (NRI.CJ  , whicli  incorporated  the 
Lnvi ronmental  Research  5 Technology  air  quality 
transport  and  dis[.crsion  model  (LR'IAQJ  (see 
Platt  ct  al.  197.Y}  . 

Often  the  combination  of  models  u.scd  for 
impact  assessment  has  been  a.  custom  version 
adapted  for  a single  study.  The  l-Aii  and  Argonne 
National  Laboratories  (Rote  ct  al  . IP/.ij,  on  the 
other  hand,  have  developed  a combination  inven- 
tcry  and  transport  and  dispersion  program,  the 
Airport  Vicinity  Air  Pollution  model  (AVAP) , 
which  includes  special  methods  for  computing  the 
concentrations  due  to  accelerating  and  decel- 
erating line  sources,  in  addition  to  a large 
inventory  of  more  conventional  point,  area,  and 
line  sources.  In  both  cases,  the  validation  of 
the  model  is  usually  assumed  to  be  th.at  ascribed 
to  the  underlying  Gaussian  point,  area,  or  line 
source  models.  Although  it  is  true  that  when 
properly  applied , simple  Gaussian  plume  models 
are  currently  the  best  validated  dispersion 
models,  the  addition  of  many  other  assumptions 
by  means  of  subroutines  can  often  interfere  with 
the  overall  accuracy  and  precision  of  model 
predictions . 

Many  times,  a small  scale  monitoring  pro- 
gram has  been  undertaken  to  demonstrate  the 
accuracy  and  precision  of  model  predictions  for 
the  particular  meteorological  conditions 
measured.  Several  such  programs  have  been 
performed  to  validate  AVAP.*  Often,  however, 
complex  source  configurations  or  limitations  in 
lociiting  receptors  and  a limited  range  of 
weather  conditions  have  limited  these  compari- 
sons so  severely  that  very  little  could  be  said 
about  the  accuracy  of  assumptions  made  in  the 
mode  1 ing . 

The  lingering  questions  about  the  validity 
of  airport  modeling  methods  can  generally  be 
traced  to  one  of  the  following. 

1)  There  are  many  models  applied  to 
airports  that,  when  used  at  the  same 
location,  give  widely  varying  results. 

2)  The  assumptions  in  the  models  used  are 
not  always  clearly  defined,  and  their 
applicability  to  specialized  geome- 
tries of  sources  at  airports  is  often 
questionable . 

3)  The  validation  experiments  for  the 
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r])ort  models 
exist  have  not 


models  and  their  variants  formulated  from  the 
S2-foot  tower  data  arc  discussed  in  Section  ■! . 


models  designated  as  ai 
arc  few,  and  those  that 
been  ]iart icularly  successful,  even  for 
relatively  sophisticated  models. 

1)  The  scales  of  interest  to  the  user  may 
not  coincide  with  those  for  which  the 
matliematica  1 model  was  developed  - a 
user  often  expects  finer  resolution  of 
concentration  profiles  or  Eietter 
agreement  between  a few  short-term 
measurements  and  predicted  average 
concentrations  that  are  reasonable. 

j)  Analysis  of  a "hot  spot"  problem  is 
attempted  with  a model  that  does  not 
contain  the  right  physical  model  to 
adequately  simulate  or  describe  it. 

Many  of  these  problems  result  from  misunder- 
standing of  modeling  capabilities  or  intents, 
often  due  to  problems  of  user  interpretation  as 
it  is  with  model  design  or  documentation. 

The  key  concept  here,  model  validation, 
requires  furtlier  definition  at  this  point  to 
interpret  the  value  of  the  present  experimental 
results.  The  process  of  model  validation  for  a 
dispersion  model  is  a gradual  one  because  of  the 
number  of  parameter  assumptions  simultaneously 
evaluated.  It  is  exjiected  that  a ' Tge  ensemble 
of  experimental  results  will  show  t a given 
model  is  generally  successful  in  dc..cribing  the 
concentration  field  produced  by  a particular 
source  configuration  under  each  identified 
combination  of  meteorological  transport  and 
diffusion  conditions. 

At  least  four  concerns  must  be  addressed 
when  model  validation  is  attempted:  (1)  is  the 
type  of  model  selected  appropriate  for  the  time 
and  distance  scales  of  the  phenomenon,  (2)  are 
the  comparative  field  measurements  representa- 
tive of  these  same  scales  in  terms  of  sampling 
and  averaging  times,  (3)  is  the  possibility  of 
limiting  the  number  of  unmodeled  variables 
sufficiently  that  the  model  parameters  can  be 
tested,  and  (4)  are  the  number  of  experiments 
large  enough  to  determine  the  desired  number  of 
model  parameter  values  with  a reasonable  degree 
of  precision.  The  current  status  of  airport  air 
quality  modeling,  discussed  later,  reflects  all 
of  these  problems.  Wliile  the  latter  two  types 
may  be  of  greatest  concern  to  the  scientist  or 
engineer  evaluating  models,  the  first  two  are 
often  most  troubling  in  the  regulatory  assess- 
ment process. 

A description  of  the  experimental  measure- 
ments obtained  at  Dulles  Airport  in  1976  and 
1977  is  given  in  Section  3.  Initial  efforts  at 
determining  plume  rise  and  dispersion  rates  used 
the  CO  data  from  four  levels  on  a single  52-foot 
tower  and  ground- level  CO  sensors  at  two  success- 
ive downwind  distances.  Ilore  recent  analyses 
have  used  data  collected  at  five  levels  on 
80-foot  towers  at  each  of  the  three  distances 
from  the  taxiway.  Preliminar)’  results  of 
attempts  to  fit  these  new  data  with  existing 


‘Other  papers  at  this  conference  will  discuss 
recent  efforts  to  "validate"  the  AQAM  model  of 
the  U.S.  Air  Force  (Rote  and  Wangen  1975). 


Section  4 and  the  conclusions  in  .Section  5 
discuss  the  requirements  for  improved  modeling 
of  near-field  dispersion  rates  and  plume  rise, 
as  well  as  suggestions  for  use  of  the  recently 
acquired  Dulles  data  for  "validation"  of  model 
rcfinemejiLs.  The  discussion  of  the  measurement 
results  obtained  at  Dulles  shows  that  models 
need  not  reproduce  all  the  d>Tiamic  and  kinematic 
details  of  the  dispersion  process  to  be  success- 
ful at  larger  distances,  but  that  adequate 
understanding  of  the  observed  rates  of  disper- 
sion and  assessment  of  near-field  "hot  sjiot" 
impacts  both  require  more  exact  descriptions  for 
accurate  modeling  of  the  dispersion  process. 
Although  the  majority  of  the  Dulles  experiments 
were  devoted  to  CO  measurements  associated  with 
taxiing  aircraft,  potential  model  refinements 
arc  sure  to  have  an  impact  on  the  question  of 
nitric  oxide/  nitrogen  dioxide  (NO/NO.^)  conver- 
sion and  dispersion  rates  during  takeoff  opera- 
tions. 

2.  STATUS  OF  AIRPORT  AIR  QUALITY  MODELING 

An  airport  air  quality  model  has  to  perform 
two  major  functions.  First,  it  has  to  calculate 
a geographical  distribution  or  inventory  of 
source  emission  rates;  second,  it  has  to  simu- 
late transport  and  di spersior,  of  those  emissions 
to  predict  pol  lutaniTconcentrations  at  desig- 
nated receptors  of  interest.  The  airport  model 
can  be  structured  to  have  nearly  independent 
inventory  and  transport  submodels.  F'or  a 
majority  of  the  current  models,  this  is  the 
case  - or  at  least  an  option.  For  this  reason, 
the  models  whoso  features  are  denoted  in  Table  1 
are  emission  inventory  models.  Those  listed  in 
Table  2 are  transport  and  dispersion  models 
developed  to  describe  short-term  (less  than 
24  hour)  concentration  patterns. 
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greater  distances,  a Gaussian  model  with  special 
assiunptions  about  initial  source  geometry  and 
amplified  dispersio-  rates  may  be  adequate.  In 
the  vicinity  of  a s ircc,  especially  those 
adjacent  to  obstaci  only  the  numerical  advec- 
tion  diffusion  models  (such  as  bGAMA  in  Table  2), 
wind  tunnel  simulations,  or  empirical  turbulent 
wake  models  (e.g.,  Briggs  1U76;  Smith  1978) 
yield  results  that  can  readily  be  related  to 
validation  measurement  experience,  '^qjical 
examples  of  airport-related  pollution  problems 
that  require  these  alternate  analysis  methods 
include:  (1)  aircraft  engine  starts  beside 

terminal  buildings,  (2J  taxi  stands, 

(3)  depressed  access  roadways  near  buildings, 
and  (4)  multiple  parking  garages.  Whenever  the 
geometry  for  one  of  these  situations  is  more 
complex  than  those  for  which  the  proposed 
mathematical  models  have  been  validated,  supple- 
mentar)'  wind  tunnel  or  field  measurement  studies 
are  recommended . 


Table  3 lists  airport  air  quality  models 
that  combine  the  features  of  those  in  Tables  1 
and  Z,  althougli  this  list  is  undoubtedly  incom- 
plete. In  some  cases,  a transport  and  disper- 
sion model  (such  as  PAL  or  ERTA.Q)  is  suffi 
ciently  flexible  in  its  design  to  allow  tlie  same 
program  to  bo  used  for  many  nonairport  source 
applications,  a quallt)-  that  often  confuses  the 
identity  of  an  "airport  air  quality  model." 

More  detailed  discussion  of  the  specialised 
features,  asscunptions,  and  limitations  of  most 
of  the  models  listed  is  available  from  the 
reviews  of  Haber  (1975)  and  .Smith  (1978)  and 
from  the  corporate  or  agency  developers  identi- 
fied in  references  or  Table  3. 
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It  is  noted  that  Gaussian  models  have 
already  been  subjected  to  the  most  comprehensive 
validation  efforts,  are  one  of  the  best  under- 
stood types  of  transport  model,  and  adequately 
predict  contrations  for  point  sources  between 
distances  of  100  meters  and  10,000  meters,  but 
not  all  of  the  assumptions  specific  to  aircraft 
sources  have  been  validated.  For  pollutant 
concentration  estimates  in  the  near  field 
(distances  less  than  100  meteis)  or  for  dis- 
tances closer  than  five  obstacle  heights  in 
situations  where  the  wind  flow  near  the  source 
location  must  pass  around  obstacles  or  buildings, 
Gaussian  models  are  not  generally  adequate.  For 


Most  of  the  modeling  efforts  subsequent  to 
the  NREC  model  rely  on  its  basic  framework, 
including  the  use  of  a Gaussian  plume  transport 
model.  Many  differ  in  their  degree  of  detail  in 
treating  initial  source  geometry  or  in  account- 
ing for  the  variety  of  aircraft  operations  that 
constitute  the  time  period  modeled.  The  NRFC 
model  covers  all  basic  operations  occurring  at 
an  airport,  with  primary  emphasis  on  developing 
a typical  landing-takeoff  (LTO)  cycle  for 
passenger  aircraft. 

Since  the  NREC  model  was  first  published, 
considerable  develop.tental  effort  has  gone  into 
improving  the  calcujation  of  the  distribution  of 
the  pollutants  ajuong  the  sources  defining  the 
LTO  cycle  and  the  dispersion  of  tlie  pollutants 
from  the  point  and  line  sources  to  receptors. 

This  development  effort  has  resulted  in  the 
detailed  airport/military  air  base  models  repre- 
sented by  the  Airport  Vicinity  Analysis  Program 
and  Air  Quality  Airport  Model  (AVAP/AQAM)  devel- 
oped by  the  Argonne  National  Laboratory  (Rote 
et  al.  1973;  Rote  and  Wangen  1975).  For  example, 
in  the  climbout  portion  of  the  LTO  cycle,  the 
NREC  model  lias  all  aircraft  (12  classes)  follow 
the  same  departure  path.  This  path  is  approxi- 
mated in  the  dispersion  algorithm  as  a series  of 
point  sources  of  varying  strength;  whereas  in 
AQ.AM,  50  aircraft  types  are  represented  with 
each  following  a different  departure  path. 

The  AVAP  model  is  the  most  sophisticated 
code  yet  developed  for  predicting  the  impact  of 
ail  sources  at  commercial  airports  for  averaging 
time  intervals  ranging  from  one  hour  to  one  day. 
Emissions  are  simulated  by  a combination  of 
point,  area,  or  line  sources.  Point  sources 
include  smoke  stacks,  vents,  or  small  sources  of 
evaporated  materials.  Area  sources  include 
complex  mixtures  of  motor  vehicles  (cars, 
trucks,  aircraft)  operating  in  parking  lots, 
aircraft  ramp  areas,  etc.  Line  sources  are 
divided  into  uniform  and  nonuniform,  according 
to  whether  the  vehicles  moving  along  the  line 
are  moving  with  approximately  constant  speed  or 
are  accelerating  (or  decelerating).  Uniform 
lines  include  access  roadways  and  taxiways. 
Nonuniform  lines  include  LTO  operations  on 
runways  and  approach  and  departure  paths 
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Figure  1 Three-Tower  f:x|ior iment  Data 
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(treated  as  inclined  lines). 

5.  DULLFS  LXPFRIMFNT  .'.UIASURFMFNTS 
T.i  Objectives 

The  measurement  program  at  Dulles  Inter- 
national Airport  was  initiated  in  response  to  an 
order  by  t'ne  Secretary  of  Transportation  to 
monitor  pollutant  emissions  and  noise  levels 
associated  with  Concorde  aircraft  operations. 

■|o  meaningfully  assess  the  influence  on  air 
Huality,  three  types  of  pollutants  were  moni- 
tored; CO,  \0^,  and  hydrocarbons  (MC) . Measure- 
ments were  obtained  at  nearby  regional  monitor- 
ing stations,  but  principal  attention  was 
devoted  to  arrays  of  sensors  placed  on  the 
airport  in  the  vicinity  of  aircraft  opierations . 
[The  locations  and  periods  of  use  for  these 
arrays  are  detailed  by  Smith  et  al.  (1977)). 

Early  measurements  indicated  low  concentra- 
tions that  would  not  be  explicable  with  many 
conventional  airport  models,  apparently  because 
previous  models  developed  specifically  for 
airports  have  generally  ignored  plume  rise. 
Although  many  model  applications  are  not 
severely  limited  by  this  omission,  when  conser- 
vative estimates  of  airport  impacts  at  distances 
of  2 to  10  miles  are  at  issue,  it  is  essential 
to  consider  both  the  direct  and  indirect  (aug- 
mentation of  o^)  effects  of  plume  rise  for 
validating  model  predictions  at  closer  dis- 
tances. .Some  results  of  previous  analyses 
(Smitli  et  al.  1977)  which  show  the  importance  of 
plume  rise  in  explaining  the  concentration 
profile  on  an  80  foot  tower  at  a distance  of 
2iS  feet  from  the  taxiway,  are  illustrated 
later. 

The  initial  dominance  of  the  mechanical 
turbulence  associated  with  jet  exhaust  wake 
cannot  be  ignored,  but  as  mentioned  above,  does 
not  appear  to  be  adequately  separated  from  the 
plume  rise  or  effects  of  ambient  turbulence  on 
the  basis  of  the  Dulles  expiriments.  Thus,  the 
early  results  led  to  a design  of  a progressively' 
more  sophisticated  experiment,  using  first  one. 


then  two,  and  finally  three  towers  instrumented 
at  three  to  five  levels  with  CO  sensor  probes. 
Meteorological  data  included  two  levels  of  wind 
direction  and  speed  and  temperature  and  its 
gradient . 

.1.2  Measurement  Methods 

The  Dulles  three-tower  array  that  provided 
the  data  analyzed  for  this  paper  is  shown  in 
Figure  1,  along  with  three  sample  profiles  of  CO 
versus  heiglit  for  each  tower  distance.  The  CO 
values  were  derived  from  the  measurements  of  one 
e.xper imental  "event."  Wind  speed  and  direction 
were  measured  at  the  80  foot  and  14  foot  levels 
on  the  first  tower;  temperature  gradient  was 
measured  between  b"  feet  and  14  feet  on  the  same 
tower . 

As  indicated  in  Figure  1,  CO  was  measured 
at  i.l  points  by  pumping  air  samples  continuously 
through  identical  volume  sampling  lines  into 
individual  Ecolyzer  units.  These  units  were 
housed  in  an  air  conditioned  shelter.  They  were 
periodically  calibrated  by  sequential  switching 
of  the  intakes  to  the  same  18  ppm  concentration. 

The  calibration  system  was  designed  to  allow 
precise  timing  of  sensor  exposure  to  calibration 
gases  of  different  concentrations  so  that 
response  time  constants  and  linearity  of  signal 
amplitude  could  be  determined.  Sin.ee  an  air- 
craft passage  "event"  was  expected  to  produce  a 
pulse  representing  concentration  versus  time  (as 
shown  in  Figure  2) , the  measurement  of  sensor 
system  time  characteristics  was  deemed  important 
The  time  constant  of  the  Fxolycers  averaged 
12  seconds,  and  their  threshold  sensitivity 
averaged  0.25  ppm. 

The  concentrations  shown  in  Figure  1 repre- 
sent the  instantaneous  peak  values  from  the 
relatively  high  speed  chart  records.  Figure  2 
is  idealized  in  the  sense  that  the  skew  (to  the 
right)  observed  as  a result  of  the  time  response 
and  potentially  the  pollutant  distribution,  is 
not  shown.  When  the  data  was  reduced,  both  the 
time-to-peak  and  the  time-to-half-peak  were 
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recorded  in  addition  to  the  peak  LO  \ahie.  the 
fill  1 -width-at -ha  1 f-maximuiii  time,  and  the  hack- 
ground  CO  - so  that  skewness  could  he  accounted 
for  in  future  inodeliuK.  ihe  details  of  the 

figure  J Pollution  I'arameter  Hefinition 


method  used  in  the  current  event  modeling  to 
correct  the  peak  concentrations  for  sensor 
respoiise  time  arc  given  in  Smith  et  al.  (ini'?). 
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IS  the  aircraft  taxi  speed  Im/s), 

is  the  wind  speed  comjionent  jiarallcl 
to  taxi  pa  t h ( m/ s j , 

is  the  ilistance  downwind  (m)  , 

is  tlie  wind  S]ieed  component  periiendic- 
ular  to  taxi  [lath  (ra/s), 

is  the  travel  time  (secs), 

is  the  plume  width  (mj, 

is  the  height  at  which  calculation  is 
made , 

is  the  plume  centerl’ne  height,  and 
is  the  vertical  plume  spread. 


Plume  rise  was  incorporated  using  the 
e.piation  developed  using  the  one  tower  data  set 
described  earlier  (Smith  et  al.  1977).  Of 
interest  is  the  general  aji]!!  icability  of  this 
pliune  rise  formula  to  other  data  sets.  The 
equation  for  iiluiiie  rise  hh  developed  by  Yamar- 
tino  (1977)  from  the  single-tower  data  set  is: 


In  addition  to  concentration  measurements, 
documentation  for  eacli  event  included  event 
time,  direction  of  aircraft  travel,  departure  or 
arrival  made,  time  to  travel.  50  m,  and  meteoro- 
logical conditions.  Wind  direction  and  speed 
were  averaged  over  three  minutes.  The  value  of 
0,  for  the  same  averaging  time  was  found  from  .50 
si.\-second  samples  for  each  event,  commencing  at 
the  recorded  event  time.  The  specific  ranges  of 
motcorologicai  conditions  are  given  with  the 
results  below.  The  taxiing  activity  pattern, 
the  orientation,  of  the  towers  at  Dulles,  and 
simplicity  for  modeling  were  fac'tors  leading  to 
this  selection.  It  is  also  important  to  note 
that  the  current  analysis  has  been  limited  to 
the  two  aircraft  types  with  the  largest  popula- 
tions in  the  three  tower  data  set;  Boeing  707s 
(57  events)  and  Boeing  727s  (24  events).  The 
previous  two-tower  experiments  included  31 
B707S,  34  B727s. 

4.  f.VHNT  MODBLING 

Carbon  monoxide  concentrations  associated 
with  taxiing  aircraft  were  calculated  at  each 
tower  location  following  the  method  described  in 
Smith  (1978).  Briefly,  the  equation  used  was 
the  quasi-instantaneous  line  source  model 
adjusted  to  include  the  influence  of  plume  rise. 
That  is: 


2ii(S 


exp  - 


x - u t 
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1 

exp  - ^ 


exp  - 


L^]‘ 


(11 


where 


Q is  the  pollutant  emission  rate  (gm/ 
sec)  , 


Ah  = A * B/.u  (2) 

lADll  1 

(CWI-AHaU:.  01  Ml  li.ltl  Ml  SI.S.'Ul'  Ul  HAUHU'I  1 M Ml  .V-MHI  .Ml  X I 
Kllll  l-KI  UKIl  I I Ll'MI  tlMim.lM  HI  li;il,  .lul, 


iwi,.t.l  •■■I 


l-YVlU  Sf. 

, I't.ll.  M'.rlilt. 

I 1 L-cJ  1 1 1 J 

1 L J ' -'ri. 

' I t rat 

l.'.i 

15 

li  t'"  Air..rjii 

•'labiiit)  \ 

.‘i’ 

:i' 

( 

U'.i 

i: 

41 

4] 

K: 

It- 

I- 

r.» 

Stdl'iljlv  H 

>(> 

Si 

41 

>0 

Stab  1 1 It  > !• 

Jf* 

■>t' 

H 

48 

\b 

-'ll 

tl 

4y 

1 1 

•n 

oy 

14 

t> 

f* 

85 

!'!• 

Hi- 

89 

r 

I. 

t 

It* 

<• 

lu: 

{4 

n 

KIS 

11‘ 

hi' 

t ! 

i«.»y 

. 

1 1 

118 

i: 

(■ 

( 

15.’ 

CiJ 

Ji* 

•'f- 

hi' 

Uy 

41 

41 

la- 

14 

Aircraft 

stabi 1 1 ty  A 

(• 

n 

:o 

St ab  1 1 1 1 > b 

HO 

St- 

80 

51 

i4 

.’(* 

St> 

80 

101 

IS 

:b 

(i 

t' 

ar 

15 

b 

(. 

(> 

217 


SMITH,  TAYLOR.  DOUCETTE,  and  EGAN 


Al 


where  A and  B are  parameters  that  best  fit  the 
data  when  assigned  the  values  -2.(>  and  65, 
respectively,  and  u is  the  wind  speed  Imph) 
perpendicular  to  the  taxi  path.  I'he  plume 
centerline  was  assumed  to  have  reached  its  final 
height  at  the  first  tower.  Table  4 lists  the 
predicted  height  of  the  plume  centerline  and  the 
height  of  the  peak  concentration  monitored  at 
each  tower. 

An  intial  ni.xing  volume  consistent  with  the 
previous  calculations  (Smith  et  al.  1977)  was 
assumed.  Table  5 lists  these  dimensions  for  the 
B707  and  B727  data  sets.  The  atmospheric  sta- 
bility associated  with  each  event  was  estimated 
by  the  gradient  Ricliardson  number  using  the  tem- 
perature and  wind  velocity  differences  as 
recorded  at  the  first  tower.  As  noted  above, 
most  of  the  events  occurred  during  neutral  and 
unstable  atmospheric  conditions.  Events  with 
peak  monitored  CO  concentrations  below  a thres- 
hold of  0.2  ppm  were  not  considered. 

lAULl.  r. 
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The  previously  reported  (Smith  et  al.  1977) 

comparison  of  the  vertical  profile  of  the  calcu- 
lated CO  concentrations  and  levels  monitored 
during  the  two- tower  experiment  (February  and 
March  1977)  for  B707  events  is  presented  here 
for  comparison  with  similar  current  calculations 
for  the  three-tower  data  set.  Figure  3 illus- 
trates the  importance  of  plume  rise.  Plotted  in 
the  figure  is  the  average  predicted  and  moni- 
tored concentrations  vs.  height  at  the  first 
tower  (215  feet  from  the  centerline  of  the 
taxiway) . 

The  analysis  of  34  B727  events,  as  well  as 
nine  Concorde  events,  demonstrated  similar 
results.  Because  the  emission  rates  from  a B727 
are  much  lower  than  from  the  B707,  predicted  and 
measured  concentrations  are  both  lower.  In 
fact,  beyond  the  first  tower,  the  measured  B727 
concentrations  often  fell  below  the  threshold 
level  for  adequate  measurement  precision 
(0.25  ppm).  The  average  measured  concentration 
for  the  most  distant  14- foot  sensor  was  actually 
higher  than  that  for  the  middle  distance  14-foot 
sensor.  It  is  not  clear  whether  this  effect  is 
a byproduct  of  tlie  lack  of  continued  plume  rise 
for  the  B727s  or  whether  it  is  merely  a product 
of  measurement  uncertainty  at  the  low  levels 
observed.  For  both  B727s  and  Concordes,  the 
observed  profile  of  peak  concentrations  is 
roughly  constant  with  height  — suggesting  that 
either  several  distinctly  different  plume 
heights  may  be  included  in  the  data  set,  or 
actual  plume  spread  in  the  vertical  may  be  more 
than  the  spread  that  has  been  predicted  here. 

The  height  of  the  centerline  was  generally  cal- 
culated to  be  less  than  the  height  of  the  sensor 
that  monitored  the  peak.  Also  it  should  be 


Figure  3 Effect  of  Plume  Rise  on  Model 
Comparison  with  Obser'.'at ions 


noted  that  the  average  monitored  centerline 
height  during  neutral  atmospheric  conditions 
increased  from  24  to  36  feet  from  the  first  to 
the  third  tower  for  the  B707  and  from  54  to 
43  for  the  B727  events.  This  implies  that  the 
plume  does  not  in  fact  level  off  after  reaching 
the  first  tower. 

Table  6 lists  the  monitored  peak  CO  levels 
and  the  maximum  predicted  instantaneous  concen- 
trations at  each  of  the  three  towers  for  the 
events  selected.  The  events  are  grouped  by  the 
prevailing  atmospheric  stability  and  aircraft 
type.  As  was  found  previously,  the  monitored 
levels  associated  with  taxiing  B727  aircraft 
rarely  led  to  monitored  CO  concentrations 
greater  than  the  0.2  ppm  threshold. 

Predicted  pollutant  levels  were  overpredic- 
tions compared  to  the  monitored  values  for  all 
events  at  the  first  tower  and  all  but  one 
(Event  #105)  at  the  second  and  third  towers. 

This  overprediction  of  pollutant  concentrations 
has  been  the  usual  result  of  such  Gaussian  model 
comparisons  to  date.  It  is  suggested  that  the 
overprediction  here  is  due  to  the  assumption  of 
an  initial  mixing  volume  that  is  much  too  small. 

The  most  recent  analysis,  which  involves 
fitting  of  a similar  Gaussian  model  to  data 
obtained  in  the  three- tower  experiment,  uses  a 
statistical  parameter  optimization  method  (see 
Yamartino  et  al.  1978).  Similar  problems  were 
observed  in  attempting  to  explain  the  very  wide 
range  of  concentrations  associated  with  similar 
meteorological  measurements.  As  noticed  here  in 
examining  the  vertical  spread  of  the  plume  and 
the  relatively  low  concentrations  at  the  second 
and  third  tower  distances,  no  significant 
differences  between  initial  disperison  volumes 
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and  subsequent  dispersion  rates  could  be  found 
between  aircraft  types  because  of  the  range  of 
variability  in  the  measurements.  All  of  the 
analyses  completed  to  date  indicate  that  further 
work  is  necessary  in  order  to  successfully 
distinguish  between  the  effects  of  the  initial 
rapid  dispersion  in  the  turbulent  jet  wake,  and 
the  slower  rates  of  dispersion  normally  asso- 
ciated with  ambient  turbulence  augmented  by  the 
entrainment  effects  of  buoyant  plume  rise.  It 
is  antic.’pated  that  the  availability  of  more 
detailed  measurement  data  bases  will  also  make 
the  application  of  numerical  modeling  methods, 
such  as  the  l-gan-Mahoney  bClAM/V  (Egan  and  Mahoney 
1972)  numerical  advection-diffusion  model, 
productive  for  future  modeling  efforts. 

5.  SUMMARY  ANU  CONCLUSIONS 

This  paper  has  briefly  reviewed  the  status 
of  airport  air  quality  modeling  and  the  impor- 
tance of  the  validation  of  models  with  the 
detailed  measurement  of  concentration  profiles 
and  the  associated  meteorology.  In  addition  to 
identifying  the  airport  air  quality  models 
available  and  listing  their  basic  features,  the 
current  deficiencies  in  the  validation  status  of 
existing  models  have  been  mentioned.  At  short 
distances  from  aircraft  sources,  interactions  of 
the  several  scales  of  turbulence  and  velocity 
field  make  the  validity  of  several  assumptions 
of  the  common  Gaussian  form  of  model  question- 


able. At  larger  distances  (>  1 mile),  on  the 
other  hand,  the  current  inadequacies  are  not 
likely  to  be  as  important  for  many  applications, 
since  Gaussian  models  generally  give  conserva- 
tively high  predictions;  and  thus  predictions  of 
acceptable  concentration  levels  are  not  likely 
to  result  in  violation  of  National  /imbient  Air 
Quality  Standards. 

Gaussian  models  are  currently  the  best 
validated  of  the  basic  transport  models  avail- 
able for  evaluating  impact  of  airport  operations 
beyond  the  airj^ort  property.  Site- speci  f ic 
differences  in  source  geometry  or  flow  and 
turbulent  dispersion  characteristics  generally 
make  model  "calibration,"  (rather  than  "valida- 
tion") advisable  for  a new  site.  Expert  advice 
should  be  solicited,  however,  when  questions 
about  concentrations  on  a finer  scale  or  near 
flow  obstacles  are  important,  or  when  the 
transport  and  transformation  of  photochemical 
species  is  of  interest. 

Preliminary  results  of  airport  pollution 
monitoring  programs  at  Dulles  Airport  have  been 
used  to  examine  validity  of  a plume  rise  esti- 
mation formula,  and  to  investigate  the  best 
means  for  determining  the  initial  volume  occu- 
pied by  aircraft  exliaust  within  a few  seconds  of 
its  emission  from  jet  aircraft  engines.  The 
first  plume  rise  formula  evaluated  produced 
noticeable  improvement  in  the  ability  of  the 
ERT-QIL  model  to  simulate  mean  vertical  pollu- 
tant profiles  for  all  three  aircraft  tyqies 
examined  (B707,  B727,  and  Concorde) . Observed 
concentration  versus  distance  relationships  and 
variations  in  plume  rise  were  not  adequately 
explained  by  either  previous  or  current  analysis 
methods.  The  variability  in  estimated  plume 
rise  and  vertical  dispersion  rates  derived  for 
both  B707  and  B727  aircraft  suggest  continued 
investigation  is  required.  The  use  of  namerical 
dispersion  modeling  methods  would  appear  to  be 
both  feasible  and  productive  now  that  more 
detailed  measurement  data  bases  have  acquired  in 
the  three  series  of  tower  experiments  at  Dulles 
Airport . 
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DISCUSSION 

LEACH:  I would  like  to  comment  on  the  disparity 

between  the  Concorde  dose  and  the  subsonic  dose. 
There  Is  no  possibility  whatsoever  that  the  Concorde 
measurements  are  underestimated.  Th-.-  Orinrorde  meas- 
ureraent.s  by  Rolls  Royce  are  probably  as  accurate  as 
anything  that  has  been  done  for  aircraft,  and  the 
disparity  must  be  completely  due  to  plume  rise  and 
possibly  plume  temperature. 

TAYLOR:  We  In  fact  have  two  different  sets  of 
emissions  data  for  the  Concorde.  One  was  from 
Rolls  Royce.  Do  you  know  where  the  other  one  came 
from,  the  original  Concorde  data? 

D.  SMITH:  No. 
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J.  E.  WESLER: 

The  theme  of  this  meeting  has  been  to  assess  the 
state-of-the-art  of  predicting  and  analyzing  the 
effect  of  aviation  on  air  quality. 

In  the  preceding  sessions  ue  have  looked  at  the 
basic  source  of  pollution  from  aviation—  the  air- 
craft itself  — the  airport,  and  its  Influence  on 
its  environs,  and  we  have  shown  some  case  studies 
that  have  tried  to  assess  the  environmental  Impact 
of  airport  pollution. 

This  afternoon's  panel  discussion  will  be  more  than 
a discussion  asung  the  pan-^l  members.  Rather,  It 
will  be  a conference  discussion  because  we  will 
solicit  questions,  comments,  suggestions,  and  reac- 
tions from  the  audience. 

First,  each  of  the  three  daily  chairmen  will  review 
or  assess  that  part  of  the  program  over  which  he 
presided  or  any  other  parts  that  he  would  like  to 
bring  to  our  attention.  Then  we  will  be  open  to 
discussion  from  the  floor,  to  questions  and 
to  comments. 

r.  D.  KITTREDGE: 

I would  like  to  Indicate  generally  what  my  own  per- 
spective is  from  Inside  EPA  since  EPA  is  a large 
bureaucracy  and  we  all  have  different  functions. 

Unlike  my  two  fellow  panelists,  I am  not  an  author- 
ity or  expert  In  the  area  of  mathematical  modeling 
or  monitoring  of  air  quality  impact.  Rather  my 
viewpoint  Is  that  of  the  group  within  EPA  charged 
with  the  responsibility  for  developing  the  regula- 
tions, assessing,  taking  the  assessments  of  the 
Impact  and  converting  these  into  regulations  (if 
the  arguments  support  regulations) , and  dropping 
them  if  new  arguments  do  not  support  regulations. 

I think  of  myself,  and  actually  this  includes  my 
colleagues  in  Ann  Arbor  as  well , as  really  more  or 
less  customers  for  the  kinds  of  Information  which 
have  been  produced  by  the  excellent  series  of  papers 
which  we  have  heard  here. 


With  that  bit  of  background,  let  me  go  over  what 
I think  I heard  with  respect  to  the  three  pollutant 
species  which  we  are  presently  interested  in  con- 
trolling from  aircraft  operations. 

With  respect  to  hydrocarbons,  the  hydrocarbon-oxi- 
dant relationship  seem.s  to  be  about  the  same  after 
hearing  these  papers  as  we  perceived  It  to  be  when 
we  distributed  our  Kotlce  of  Proposed  Rulemaking 
in  March.  That  is,  we  know  within  EPA  that  we  have 
a serious  oxidant  problem.  The  problem  of  non- 
attainment,  nationwide,  of  the  photochemical  oxi- 
dant standard  is  larger-looking  to  us  than  with 
respect  to  the  other  two  pollutants.  From  this 
standpoint,  regardless  of  whac  the  specified  de- 
tailed impact  of  aircraft  finally  amounts  to,  the 
pressure  is  on  our  agency  to  attempt  to  control 
all  sources  of  hydrocarbon  emissions  in  an  effort 
to  allay  the.  broad  oxidant  problem,  assuming  that 
the  costs  of  control  are  reasonable. 

This  Is  not  to  say  that  we  would  wish  to  discourage 
further  efforts  to  put  the  hydroc^-rbon-emlsslons - 
oxidant  relationship  into  better  focus.  Certainly 
this  is  highly  deslvabie,  but  It  appears  to  us  that 
the  need  to  confrnl  hydrocarbons  is  stronger  than 
is  the  case  for  the  other  two  pollutants. 

More  work  certainly  is  Indicated  in  the  area  of 
advanced  mathematical  models  which  can  handle  the 
photochemistry  of  atmospheric  reactions. 

Let's  go  on  to  carbon  monoxide.  Here  we  certainly 
perceive  some  uncertainties  that  we  didn't  perceive 
some  six  years  ago.  The  current  program,  the  moni- 
toring program  In  which  we  will  be  part.^  cipating 
with  the  FAA  next  month  at  the  Washington  National 
Airport,  should  help  to  shed  further  light  on  the 
need  for  controlling  carbon  monoxide  from  aircraft. 
Certainly  the  papers  that  have  been  presented  here, 
the  comments  I have  heard,  do  not  Indicate  a strong 
case  for  this  at  this  time.  We,  of  course,  can't 
reach  a final  determination  in  this  area  until  we 
have  gone  through  our  complete  rule-making  process 
and  have  held  the  public  hearings  that  most  of  you 
know  we  will  be  holding  November  1 and  2 on  the 
whole  program  of  aircraft  standards. 
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I was  Interested  in  Dr.  Pasqulll's  comment  the 
other  day  with  respect  to  the  utility  of  model- 
ing for  forecasting  short-term  events.  Not 
being  a mathematical  modeler,  I wonder  to  what 
extent  this  Influences  the  evaluation  of  the 
information  which  we  are  getting  in  which  CO 
contours,  in  terms  of  the  one-hour  standard  and 
the  eight-hour  standard,  are  being  developed 
through  such  techniques.  How  completely  con 
we  rely  on  such  projections? 

With  respect  to  nitrogen  oxides,  as  we  said  in 
the  preamble,  here  we  know  we  need  a re-evalua- 
tion.  The  short-term  NOj  standard  makes  it  further 
complicated.  We  are  concerned  that  we  treat  the 
control  of  aircraft  in  a manner  which  is  equitable 
and  compatible  with  respect  to  the  control  of  the 
other  sources  such  as  large  stationary  power-gen- 
eration facilities,  stationary  gas  turbines,  which 
influence  some  of  you  as  well  as  the  aircraft  gas 
turbines.  We  want  to  organize  the  overall  program 
of  standards  such  that  the  burden  is  reasonably 
equally  distributed. 

The  practical  fact  is  that  we  have  about  run  out 
of  controls  with  respect  to  automobiles.  By  the 
time  the  1981  model  year  rolls  around,  automobiles 
are  going  to  be  down  to  N'O^^  emission  levels  about 
as  low  as  they  will  ever  be,  so  from  there  on  the 
control  is  going  to  have  to  come  from  other  sources. 


It  occurred  to  no  this  morning,  in  listening  to  the 
presentation  describing  the  OKI  work,  that  the  way 
I have,  at  least  Informally,  lined  up  the  priori- 
ties from  my  perspective  is  exactly  opposite  to  the 
trends  that  they  forecast  la  terms  of  gross  emiss- 
ions; — they  projected,  I believe,  a decline  in 
gross  hydrocarbon  emissions  for  airports  going 
through  the  1985  period  as  opposed  to  a rise  in 
nitrogen  oxldua  and  carbon  monoxide  emissions. 
Nevertheless,  we  have  to  look  .at  it  from  the  stand- 
point of  where  the  problem  is  with  respect  to 
attainment  of  all  of  the  Ambient  Air  Quality  Stan- 
dards for  the  complete  series  of  pollutants. 


n,  M-  ROTE: 

First  off,  I was  very  much  impressed  with  the  quality 
of  the  conference.  I must  confess  that  when  I was 
asked  to  participate,  I wondered  whether  we  would 
merely  rehash  the  old  stuff  over  again,  but  I think 
that  the  information  content  of  this  conference  was 
extremely  good  and  I think  that  the  presentation  on 
the  part  of  individuals  was  very  good,  very  profes- 
sional, and  certainly  a cut  above  a number  of  other 
conferences  which  I won't  mention.  I am.  very  pleased 
to  have  been  asked  to  participate  in  this  activity. 

In  regard  to  some  of  the  problems  that  were  discussed, 
always  at  conferences  where  we  have  questions  of  sci- 
entific Interest,  the  Issues  of  importance  are  talked 
about,  and  at  the  end  of  the  conference  some  one  says 
we  need  more  research.  In  some  of  the  modeling  work 
we  did,  we,  of  course,  talked  about  the  old  problems 
of  how  do  you  estimate  initial  size  of  plumes , do  you 
have  plume  rise,  are  there  building  wake  effects? 


I feel  gratified  that  we  actually  did  something 
about  these  problems  this  time.  I think  we  have 
some  new  data;  I think  we  have  some  new  techniques 
that  have  been  developed  for  obtaining  new  data; 
and  I think  we  have  new  analysis  techniques  as  a 
result  of  the  Concorde  study,  the  U.S.  Air  Force 
study  at  Williams,  and  the  Boeing  work  with  photo- 
graphic methods.  I think  all  of  these  methods  — 
if  I have  left  something  out,  it  is  only  because 
I have  got  a short  memory  and  have  forgotten  the 
other  things  — but  I think  the  general  impression 
is  that  new  things  are  coming  down  the  line  and  I 
think  it  looks  very  promising. 

Of  course,  I would  still  say  that  we  need  more 
research. 

As  far  as  nvadeling  capability  aitd  confidence  are 
concerned,  I think  as  a result  of  the  programs 
that  have  been  performed  and  are  under  way  at  the 
present  time,  that  the  modeling  capability  has 
definitely  improved,  and  as  far  as  I can  see, 
there  is  reasonably  general  agreement  with  obser- 
vations. I think  the  observations  that  are  a- 
vailable  Indicate  that  we  have  some  local  problems, 
but  that  it  is  pretty  difficult  to  see  the  airport 
contributions,  if  you  get  off  the  airport  property 
and  the  models  seem  to  confirm  that  idea.  I think 
there  are  some  local  problems  that  need  further 
addressing,  but  those  are  details  which  will,  I am 
sure,  come  with  time. 

I was  very  impressed  with  the  capabilities  or  at 
least  the  promising  capabilities  of  photographic 
techniques.  I think  that  the  use  of  environmental 
shadows  to  Improve  the  Image  lntei;slty  is  an  in- 
teresting thing  which  deserves  further  investiga- 
tion. 

1 would  also  recommend  tryir:g  this  ki.id  of  experi- 
ment under  much  colder  weather  conditions  where 
there  are  better  chances  of  seeing  a reasonable 
image.  For  example,  you  can  go  to  O’Hare  in 
essentially  10-  or  20-degrees-below-zero-Fahren- 
heit  weather,  and  I am  sure  you  would  have  much 
better  Infrared  images  of  the  plume.  You  can  see 
the  plumes  visually.  I think  it  is  worthwhile 
caking  your  camera  the  next  time  you  go  to  O'Hare 
and  exploring  both  Infrared  and  visual  photography. 

I think  you  might  find  you  can  do  a lot  better  and 
enhance  the  data  base  somewhat. 

I think  also  it  might  be  worthwhile  examining  other 
than  broadband  IR  optical  methods,  either  by  focus- 
ing attention  on  certain  Infrared  bands  associated 
with  water  vapor  or  perhaps  associated  with  the 
black-body  temperature  range  of  the  plume  Itself. 

As  far  as  particular  pollutants  are  concerned,  I 
think  that  CO  has  been  reasonably,  clearly  demon- 
strated to  be  a local  phenomenon  around  high-act  1- 
vlty  periods  and  high-activity  zones.  There  are 
still  some  nagging  problems  which  I don't  feel  too 
comfortable  about.  Some  of  the  problems  are  speci- 
fically aircraft  or  airport  associated. 

That  is  a little  hard  to  say,  but  I think  there  are 
both  modeling  and  monitoring  evidence  that  there  may 
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very  well  be  some  violations  of  eight-hour  stand- 
ards around  ramp  areas,  queuing  areas,  and  automo- 
tive access  roadways.  Certainly  the  roadways  and 
the  ramp  areas,  because  of  their  proximity  to  air 
intake  ducts  and  consequent  impact  on  internal 
building  levels,  may  be  worth  considering.  That 
problem  hasn't  been  addressed  at  all  at  this  con- 
ference. 

As  far  as  NO  and  hydrocarbons  are  concerned,  I 
think  they  tSo  are  basically  local  and  whether  they 
are  non-local  or  not  depends  to  a certain  extent 
upon  what  the  final  short-term  NO2  standards  will 
be.  I think  we  have  reason  not  to  dismiss  the  NO2 
problem.  T think  it  may  need  to  be  looked  at  a 
little  bit  more,  especially  near  the  boundaries  of 
the  airports. 

Hydrocarbons,  of  course,  there  is  no  health-based 
standard  for  hydrocarbons.  But,  looking  at  the 
guidelines.  It  looks  as  though,  if  there  is  a prob- 
lem that  could  be  exacerbated  by  additional  hydro- 
carbons in  a basin  area  or  something  like  that, 
you  might  want  to  examine  the  airport  hydrocarbons 
along  with  all  the  other  sources  of  hydrocarbons 
that  happen  to  be  in  the  basin.  We  shouldn't 
put  the  finger  on  airports,  but  we  shouldn't  ex- 
clude them  either  unless  as  a result  of  some  kind 
of  risk  analysis  we  find  — let's  control  those 
things  which  we  can  control  best  without  sacrificing 
human  safety.  I think  that  aspect  ought  to  be 
analyzed . 

Now  let  me  turn  to  those  things  which  we  have  not 
addressed  and  which  we  probably  ought  to  have 
addressed,  ihls  is  not  intended  in  any  way  to  be 
criticism  of  this  particular  program  or  of  its  or- 
ganizers. After  all,  one  does  what  one  can  in  the 
limited  time.  The  problem  of  airports  is  one  of 
perception.  There  are  at  least  four  or  five  per- 
ceptions that  I can  think  of  — smell,  which  gives 
rise  to  odors;  sight,  which  gives  rise  to  clearly 
visible  aerosols  present  in  the  atmosphere  over 
airports;  hearing,  which  certainly  gives  rise  to 
sounds  and  is  not  part  of  this  project,  and,  I 
suppose,  the  sense  of  touch. 

I haven't  figured  out  how  to  put  that  last  one  in 
aa  not  too  many  people  get  lilt  by  airplanes,  but 
certainly  the  question  of  odors  has  not  been  dis- 
cussed at  all,  nor  has  the  question  of  visibility 
reduction  been  addressed. 


s I am  eminently  an  expert  on  both  these  problems  as  I 

'i  live  not  too  far  from  O'Hare.  I consider  myself  to 

I be  no  more  of  an  expert  really  than  any  citizen  who 

f happens  to  be  exposed  to  airports.  One  very  clearly 

I can  see  the  airport  because  of  the  aerosol  accumu- 


i latlon.  One  can  smell  the  airport  because  of  the 

% odors.  Therefore  there  remains  the  question  not  so 

I much  are  these  things  health  hazards  as  are  they 

|i.  reasons  for  causing  the  public  to  finger  the  alr- 

I port  as  a source  of  problems.  For  that  reason, 

I those  kind  of  questions  ought  to  be  addressed.  Not 


I have  heard  discussion  in  the  past  that  there  is 
the  possibility,  for  example,  to  mask  odors.  I 
don't  know  what  the  upshot  of  that  work  is.  It  has 
been  going  on  for  several  years.  It  would  be  nice 
to  hear  that  subject  addressed  at  a future  work- 
shop. It  would  also  be  nice  to  hear  the  question 
of  who  is  responsible  for  the  odors.  Are  these  par- 
ticular modes  of  aircraft  activity,  are  they  even 
aircraft  activity  at  all? 

I am  sure  that  there  is  a certain  amount  of  culpabil- 
ity on  the  part  of  aircraft  and  certainly  one  can 
smell  an  airport  some  distance  away.  In  terms  of 
perceptibility  of  airports,  certainly  the  smell  must 
range  rather  high.  For  example,  if  you  drive  on  a 
major  expressway  to,  again  my  old  favorite,  O'Hare, 
you  can  smell  it  about  two  miles  before  you  get  to 
It.  You  very  definitely  have  an  of f-the-alrport 
effect. 

I believe  that  one  can  treat  the  odor  problem  by  a 
method  very  similar  to  what  we  have  already  used  on 
the  CO  and  the  NO  problems.  I can  cite  at  least 
two  studies  that  fiave  been  conducted  on  industrial 
odor  problems  in  which  they  have  essentially  used 
the  same  kind  of  modeling  techniques  and  calibrated 
the  model  output  to  odor  level  on  the  basis  of  com- 
plaints. 

Now,  of  course,  in  the  case  of  industrial  odors,  the 
complaint  levels  are  often  rather  severe  because  the 
odors  are  probably  much  more  perceptible  and  much 
easier  to  finger  than  airport  odors  would  be.  I 
think  that  It  is  probably  worthwhile  investigating 
odor  complaints  as  a function  of  distance  away  from 
airports  and  doing  some  modeling  calculations.  Let's 
see  if  we  can't  quantify  that  problem  and  take  it 
out  of  the  realm  of  highly  subjective  perceptions. 

I don't  know  what  to  say  about  the  sight  question 
unless  one  can  find  some  way  to  reduce  substantially 
the  aerosol  concentrations.  I am  not  sure  what  can 
be  done  about  it.  1 think  certainly  the  use  of  the 
new  combustion  chambers  that  were  introduced  a few 
years  ago  has  significantly  Improved  that  situation. 
Maybe  the  only  way  one  can  Improve  it  further  is  by 
considering  the  various  mitigating  strategies  in 
terms  of  ground  activity  of  airplanes. 

Unfortunately,  we  have  not  addressed  that  problem 
at  all,  nor  have  we  really  attempted  to  compute  in 
fact  what  the  change  in  visibility  is  around  air- 
ports. I think  that  is  something  that  ought  to  be 
addressed  in  the  future.  In  conclusion,  I think 
that  a lot  of  the  problems  deal  more  with  percep- 
tion and  we  have  not  dealt  with  the  perception 
problems  as  much  as  we,  in  fact,  could  and  probably 
should . 

P.  S.  DAXEY: 

First  of  all,  I would  like  to  second  Don's  and 
George's  comments  on  the  quality  of  the  papers  and 
the  quality  of  the  conference.  I think  we  have 
made  progress.  1 would  like  to  take  a tack  on  my 
comments  similar  to  George  Klttredge's  and  look  at 
the  pollutants  one  at  a time. 
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For  completeness,  I will  Just  make  a couple  of 
statements  on  particulate  matter.  I certainly  concur 
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vltk  that  particulate  matter  la  generally  not 
a p««kla»  from  turbine  cnglnea  with  the  exception 
of  tka  ulaiklllry  problem  around  airports.  The 
coa^uMlom  vork  that  has  been  done  has  apparently 
allailiiata4  that  proklaa. 

With  rs^arl  to  CO,  the  studlas  do  Indicate  gener- 
ally lorn  CO  lamals  la  and  around  the  airport.  Bow- 
aurnr,  tkaora  ara  problama  In  tha  vicinity  of  the 
kulldlmvi  ted  the  tarmlnals,  and  tha  Joint  EPA/ 

FM  atm<F  at  Maaklngtan  National  ahould  addraaa 
tkat  praklMi  and  gat  a battar  parapactlva  on  It. 

% amm  akmareatlom  la  that  tha  CO  problam  from 

arrluml  md  Asfamtnra  aide  la  probably  on  tha 

aamm  arCmm  am  tha  pmoklam  from  aircraft  on  tha 
attam  afMa  atf  tka  tamadaml,  aod  It  mould  be 
knaamaaMa^  km  aaa  H ma  cam  gat  thla  raaolvad. 

1km  pdmkktm  et  ■aAallag  thla  particular  pollution 
aaamam  Cm  md  aapoaad  tka  tarmlnal  la  aztraaMly 

Mtk  aafBVd  ka  QO,  It  la  alao  Intaraatlng  to  note 
tka  kHMkk  tkac  mam  nmda  aarllar  In  tha  conference 
tkac  tk  amlaaiama  from  airports  are  approximately 
laam  tkam  ama  garcamt  of  tha  total  amlttad  CO  in 

tka  MtaA  Mataa. 


take  place  quickly  If  we  do  have  high  concentrations 
of  oxidants,  particularly  orone,  In  the  vicinity  of 
the  airport.  The  problem  of  whether  the  HO  or  Just 
NO]  la  lapllcated  as  an  Important  pollutant  In  the 
laacdlate  airport  vicinity,  has  been  Identified  as 
balng  not  clearly  rcaolvable  because  we  don't  know 
the  reaction  rates.  The  NOj|  Itself  Is  emitted  as 
NO  along  tha  runway,  which  Is  remote  to  tha  termi- 
nal. Tha  dlaparslon  that  takes  place  between  the 
emission  source  and  tha  receptors  nearby,  ultimately 
tha  people,  and  tha  tlxm  delay  In  converting  NO  to 
NO2  by  chemical  reactions,  aeem  to  Indicate  that 
maybe  NO^  control  la  not  quite  as  Important  as  some 
aarllar  work  may  have  Indicated. 

I think  this  la  what  George  Klttredge  was  alluding 
to  whan  he  said  that  NO,  was  sacond  place  to  hydro- 
carbons. 

With  rsgard  to  tha  Air  Force,  wm  are  evaluating  our 
amlsalon  control  goals  for  all  the  amlsslun  factors, 
and  ww  will  ba  looking  at  the  NO,  problem  along 
that  line. 

Another  Important  thing  concerned  with  the  NO, 
problam,  which  hasn't  been  brought  up,  probably 
bacausc  we  ara  not  an  engine  design  group.  Is 
that  control  of  NO,  will  probably  compromise 
tha  control  of  hydrocarbons. 


%dxmmm>Wnm,  agatm  looklag  at  It  In  tka  context 
mi  tfmtmmX  tmXemdmmm  mmdm  by  all  meatemm  of  hydro- 
MPkamm  Am  mmy  mlt  gmmllty  control  region,  ara 

gmmmmkUty  iHmil  •*  m mmt  tbla  anmlng  from  tha 

OB  AMm  tkmt  mmm  ptmmmmtad. 

Ikmp  mm  gmmmmmkiy  kmemsam  oma  amd  chtma  par- 
•mmg  mi  tkm  mtdmmkmme  ki  tka  IfmdiiT-  wlcUlty 
mt  tkm  aAypmwk.  kmma  to  loch  at  hydrocarbons  In 
giMmsmk  mm  mm  nOwgmmUty-control -region  or  alr- 
skaA  tmmkkmm  kmmmmmm  At  Am  bamically  tha  linking  of 
kkm  kpAammaskamm  ts  tkm  oxidant  problam  that  wm 
earn  tvpBk  **•  Vltk  regard  to  dispersion 

amAmAAiB  1 dm*t  tkimk  it  is  psrtlculsrly  sppll- 
makim.  tpmsifbsmlly,  tke  msdellmg  of  tbs  hydro- 
cmdkmm  pmsklsm  Am  tkm  vlxiolty  of  the  slrport  Is 
Mmbly  mmt  sm  ssmaMmriate  wsy  to  look  at  hydrnrar- 
kemm.  fts  tkm  skmmaM  af  smybedy  doing  tkat  kind 
sf  tkAsig  ksrm  tsAmp,  I gmeas  tbs  conclusion  is 
tkmm  bmssJi  esmsemkratloms  of  hydrocarbons  are  not 
a kamkkk  gmablmm  am  Sr.  klttredge  pointed  out. 

‘ksr  emm  mmk  cm  tke  kyArecarbema,  as  I pointed 
em^  sm  tkm  flrmk  Asp  sf  the  confsrsmes,  doss  Indl- 

feste  IkmO  tksma  msm  kamsflts  to  bs  obtained  In  the 
bpAkmsasksai  mnm,  gmsbsbiy  In  comperlsom  with 
hmamfltm  te  ka  ebtmimmd  sm  a cost  bmsls  from  coo- 
tmmUimg  mtkmr  mmagmss. 

Qms  mtf  tkm  aamm  magAtawmsmlml  Itaas  la  view  is  tbs 
vwMaa.  B is  «km  primary  coestltmant  sf  NO 
simmA  kp  tamMH.aagAsiiM.  Tkls  la  sot  iaglicatld 
am  m kamktk  prskkaa  AAimetly,  but  eaily  after  It 
feamm  Mgt  or  ramacm  ts  fora  pbotocka^cml  oxideats. 

Am  AF**A  sf  tkamm  rmeetlona  is  in  question.  Some 
sA  tkm  rmmstisam  sf  B tm  fora  HOi  apparently  can 
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WESUCk:  Thank  you,  Peter.  Tt  strikes  at  In  list- 
ening to  tbs  discussions  hare,  and  the  papera  over 
the  past  several  daya,  that  air  quality  modeling  Is 
probably  In  tha  same  atata  today  that  noise  model- 
ing was  perhaps  five  to  ten  years  ago.  Wa  were 
addressing  the  asms  questions  then  of  the  noise 
emissions  of  various  types  of  aircraft,  and  how  to 
modal  tha  total  Impact  around  an  airport  based 
on  the  operations  of  those  aircraft,  kolas  model- 
ing perhaps  has  s slightly  different  residance 
time.  It  doesn't  quite  stockpile  as  much  as  air 
quality  and  therafora  is  somewhat  simpler  to 
model,  but  It  Is  far  more  perceptible  to  people 
and  they  can  aclxe  upon  It.  I agree  with  I>r. 
lota,  coloe  perhaps,  vlalblc  partlculatae,  odors, 
may  be  sclaed  upon  by  people  who  dlallkc  an  air- 
port for  reaaone  otbar  than  thosa.  They  arc 
Tisibla  or  perceptible  results  of  the  operation 
of  thosa  airports  and  therefore  more  Immediately 
usabls  as  a basis  for  complaints  against  the  air- 
port Itself. 

HKLFIICB:  I bsTS  an  Interesting  question  for  you. 
At  Washington  kstlonel  how  many  complaints  do  you 
get  about  odors  and  Mobs  and  nolseT  Do  you  get 
many  at  allT 

Wism:  I can't  answer  that  directly.  Bill.  We 
have  bsao  keeping  felrly  good  date  on  coaqilalnts 
about  the  Concorde  both  at i Dulles  and  JFK  airports. 
We  have  tried  to  keep  track  of  the  type  of 
j complaints  In  each  aeae.  Now,  many  of  thass 
coxplalnts  ere  about  Concorde  Itself;  ""y  are 
about  aircraft  other  than  tha  Concords. 
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It  seoB*  to  ^ th«r«  *r*  f«w  If  »ny  complaint*  about 
odors.  Vtalble  partlculata*  usually  conatituto 
about  two  percent.  Noise  is  by  far  th*  largest 
category  of  complaint*  that  we  receive,  and  structu- 
lal  vibration  is  a second. 

HELFRICH:  I just  wonder  how  much  •*  have  to  worry 
about  these  cosqjlaints  if  they  are  only  on*  percent 
of  the  total  complaint*? 

WESLER:  I think  thoae  complaints,  and  Dr.  Rot* 

can  follow  up  on  this,  probably  are  alt*  specific. 

At  those  airports  that  have  residential  areas 
innkediately  adjacent  to  the  boundarlea,  particu- 
larly run-up  areas  and  so  forth,  Boston  comas 
Immediately  to  mind,  odor  nay  be  far  more  a 
complaint  cause  than  at  other  airport*.  I think 
probably  it  1*  site  apeclflc. 

VAXES:  Aa  I gather  from  what  haa  hamn  said  here, 
the  airport*  seem  to  contribute  very  little  to  thm 
overall  air  pollution  aronod  the  erne.  Secondly, 

1 think  the  study  that  EPA  did  Last  Hay.  swss thing 
like  that,  at  tha  ra<iuaat  of  the  neighborhood 
people  arovBid  O' Bare,  they  came  out  emcluatwely 
and  said  thslr  problma  la  not  O'Har*.  their 
problw  la  th*  trmcha  end  the  car*  amd  Che  free- 
ways and  the  toll-waya  around  there. 

Third,  w*  take  *11  complaints  from  people,  regard- 
ing noise,  whatever.  I have  yet  to  get  on*  cear- 
plalnt  on  odor  or  amoke.  We  probably  average 
about  1200  a year  on  noiee.  Wa  also  take  th«» 
from  all  the  other  airports  in  the  region  end 
I have  yet  to  find  one  in  chat. 

I have  th*  same  <;[ueetlon  th*  gentleman  bafot*  me 
had,  and  I think  about  Dr.  Paaqulll'a  osament  yea- 
terday.  Just  how  far  to  go  with  thla  thing  and  what 
is  the  need  for  it? 

ROTE:  1 don't  know  why  but  for  anae  ram  mo  or 
other  I guess  1 aa  th*  focua  of  all  thcea  com- 
plaints. Somehow  people  aeek  me  out  end  have 
heard  that  I have  done  a study  and  I eugpoa*  be- 
cause they  are  against  airports  they  saek  out  all 
kluuS  of  ObiCwi*  wO  •nybod/  Wimw  umm 

done  anything  about  airports.  I suppose  If  they 
couldn't  find  me  they  would  find  eomebody  ela*. 
People  go  through  all  that  trouble  end  Chea  aay 
they  Iiave  a problem  with  odor*  around,  for  esaa^le, 
O' Hare  Airport.  I will  apeak  of  that  becaues  that 
Is  the  one  I have  personal  experience  with.  That 
leads  me  to  heller*  that  there  la  a problem  st^ 
there  aay  be  other  people  out  there  rdio  ere  com- 
plaining about  it. 

If  I *■  wrong,  that  Is  fin*.  I aa  perfsctly  will- 
ing to  accept  that  and  if  everybody  in  this  roam 
feel*  that  there  are  no  complaint*  about  odo* 
except  th*  one*  that  I have  heard,  I am  willing 
to  throw  that  sway. 

KITTREDGE:  I night  add  just  ona  aora  coanent  there. 
W*  don't  have  any  orgenlxed  complaint  aaalmllatlag 
center  In  thla  area.  I would  say  that  roughly  per- 
haps on*  complaint  ralated  to  odor  or  foal  apUls 
comes  in  a year,  to  put  It  In  perwpectlva,  and  It 


la  usually  someon*  who  la  coivlalnlBg  primarily 
about  fual  bating  dumped,  pcrhapa  daring  tabraff  mad 
landing  operations,  and  cosgilalalag  about  cdar  ad  a 
secondary  thing. 

RASA  at  Lawls  Kasearch  Centsr  did  a study  oa  odor. 

IScy  used  a tast  call  and  a tcalaaJ 
syatsB  developed  by  Arthur  D.  Little  roughly 
or  four  year.'  ago.  If  I cmnaahar  cerraetly,  chay 
felt  they  were  successful  la  isolating  tha  aaurce 
of  th*  odor  Co  hydrocarbons,  la  ether  awga*  Ce 
unbumed  fuel  around  the  rang  araae  o#  th 
I don't  know  of  any  atudy  chat  tehee  the 
to  model  or  figure  out  how  thee*  edema* 
dlcecalnat*  throughout  the  airport  amwic 
how  they  Impact  on  people. 

I feel  If  It  Is  true  that  the  odors  era  aaaecteted 
with  hydrocarbons,  laprovemencs  Co  coahuaCar  daaldh 
hava  to  help  unless,  of  courwe,  tha  odeta  ama  laBgsly 
the  resale  of  spilled  fual  dtarlng  rafueULag  agaratloaa 
and  that  kind  of  thing. 


My  eaparlenc*  with 
that  tha  people  nearby  ere 
odor.  1 mtnC  Ce  a coMmiCy 
end  I chechad,  at  Jeffrie*  Velak.  dhtrh  la 
amarest  ceammlty  to  the  aauthaaaC  aide  ad  Ch* 
taaalnel.  and  their  primary  esmeata  mas  molaa* 
they  mere  very  concerned  with  adar  aad  thaiy  aai 
Interested  In  the  lOT  that  th*  lhaapart  paapj# 
laaua.  They  do  aant  soma  aadnilag  ad  edara  mm 
they  want  a dctwrainatlon  ad  ^Irh  pallMtaata 
ere  eaualng  these  odor*  am 
a gae  chroamtegraph , which 
oeocentrettons  arc,  end  ahy  th*  paapla  era 
lato  that  profclaa.  They  war*  allldag  to  a| 
oo  It . 


UtSLER:  1 think  perhaps  oiat  la  a ■aCCac  of 
prioritia*.  We  hevw  attachad  tha  «MC  Inparfgar 
pnAlama  mod  eppaer  at  last  t*  h*  gattlag  thM 
In  i4ead.  Aoothar  Lavel  ef  prehlam  bagdaa  tw  ailaa. 
end  I suspect  odor  1*  pmbsbly  that  third  iawal  *f 
problcB.  It  would  be  nlcs  1£  wm  had  th*  Imawry 
of  attacking  the  third  and  fourth  and  fUth  faghtaa* 
iostes*  of  ch*  first  and 


DAlfV:  Along  that  Has,  Do*  coHaatnd  thmC  Cha  adot 
sod  the  noise  and  the  sight  problmi 
we  ace  end  Inpact  on  use  directly.  That 
fortUBStsly  ellsLlnece  cha  pvahlsm  ad 

control  and  oxidants. 

individual  In  tha  cosHunlty  la  ant  at  sli. 

Be  can't  sea  or  feel  or  tonah  them,  hut  that  daaaa't 
mean  that  wa  as  profeaalamala  fa  the  pnlluttam  tfald 
can  Ignore  them  or  evwn  put  chw  4mm  on*  natch. 

HESLEk:  Co^lalnts  arc  a mry  poor  mamsurm  *f  Cha 
Inpact  of  chase  crnvlroinsantel  mdfacts  on  papgla.  Thay 
can  perceive  an  Inpact  such  as  mr-lne  or  vtslbln  parti- 
culates but  that  doesn't  necessarily  mean  thea*  ate 

the  aost  important  by  any 


pnhlw  to 


TAILOR:  Aa  I aec  thin  hyd 
Canadian  wltuatlon,  Cha  only 
present  time  not  nidmaaing  4t 
and  net  madsHng  It  la  that  •• 
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Not  necessarily  because  It  has  b->.en  proven  to  be 
a problem  or  not.  We  don't  really  have  a health 
standard.  Hydrocarbons  have  such  a wide  range  of 
molecular  weights  from  one  carbon  to  the  other. 

I don't  know  the  highest  volatile  one,  probably 
10  or  12,  and  I think  the  reason  we  are  not 
measuring  It  Is  not  because  we  know  It  Isn't 
the  problem,  but  we  don't  have  a handle  on  a 
standard  we  can  compare  It  to. 

The  Department  of  Transport  policy  Is  that  we 
will  not  measure  something  for  which  there  are 
no  national  ambient  air  quality  objectives  be- 
cause we  are  not  primarily  Interested  In  making 
research  reports.  We  are  trying  to  prove  that  our 
activities  are  within  standards  or  are  not  within 
standards.  We  are  waiting.  We  almost  have  to 
wait  for  the  States  to  come  up  with  the  regulation, 
and  modify  It  to  our  environment.  We  are  waiting 
for  a specification  on  that  before  we  start  making 
measurements. 

All  I am  trying  to  say  here  la  that  we  haven't 
really  proven  one  way  or  the  other.  We  know  that 
hydrocarbons  are  going  to  be  In  the  same  concen- 
tration area  as  carbon  monoxide,  which  Is  very  low. 
In  parts  per  million,  and  may  or  may  not  be  a 
problem. 

GELINAS:  It  appears  to  me  that  we  haven't  really 
addressed  adequately  the  Impact  of  airports  on 
oxidant  concentrations,  expeclally  In  those  areas 
of  the  country  where  they  are  going  to  have  a hard 
time  meeting  oxidant  standards,  for  example,  Los 
Angeles  and  various  other  cities.  X think  more 
efforts  need  to  be  made  to  better  quantify  what 
strategies  for  reducing  hydrocarbon  emissions  at 
airports  could  help  Improve  Che  situation  of 
attaining  the  oxidant  standards. 

KITTREDGE:  I certainly  endorse  that.  The  comment 
Is  in  the  same  direction,  I believe,  as  my  own  at 
the  start  of  the  session  this  afternoon,  that  we 
have  so  many  oxidant  non -attainment  areas  that  we 
certainly  have  to  consider  hydrocarbon  control  as 
a serious  strategy  for  any  source  which  can  be 
economically  controlled.  Including  aircraft. 

AUSiIS:  I would  like  to  address  the  question  of 
general  aviation  airports.  It  seems  that  all  the 
paoers  that  were  read  or  discussed  about  the  tests 
at  general  aviation  airports  concluded  that  they 
didn't  contribute  very  much  to  the  problem, 

I am  wondering  if  FAA  or  EPA  Is  ready  to  say  that 
to  the  field.  I think  It  is  Important  for 
two  reasons.  We  could  reduce  the  size  of  the 
environmental  documents.  If  we  could  eliminate  these 
five  or  ten  pages  at  a GA  airport.  It  would  be  good 
to  use  our  resources  better  if  ve  could  put  them  In- 
to one  of  the  other  areas  that  we  really  have  to 
look  at. 

EITTREDGE:  Well,  one  of  the  key  features  of  the 
notice  of  proposed  rule  making  that  we  referred  to 
several  times  is  a proposal  to  eliminate  the  stand- 
ards applicable  to  general  aviation  aircraft,  and 
that  Is  a direct  consequence  of  several  of  the 
studies  you  heard  reported  here  which  tended  to 


Indicate  that  the  Impact  was  more  minimal  than  we 
had  thought  six  years  ago. 

As  to  whether  this  la  finalized  or  not  really  de- 
pends on  the  hearings  and  our  analysis  of  the  com- 
ments and  everything  that  goes  with  it  but  certainly 
that  Is  our  plan  at  this  point. 

WESLER:  We  would  be  reluctant  to  make  any  conclus- 
ions from  that,  though,  for  environmental  Impact 
assessments  and  other  analyses  that  are  required  for 
grant  funds,  for  example.  Certainly  the  potential 
impact  at  GA  airports  will  still  have  to  be  examined 
even  though  there  may  not  be  a need  or  a basis  for 
regulating  the  emissions  from  the  aircraft  themselves. 
There  is  still  the  problem  of  the  picture  as  a whole 
and  its  potential  Impact  on  its  environs. 

BOUBEL:  I recall  four  or  five  years  ago,  when  I was 

involved  in  the  Environmental  Impact  Statement  for 
expansion  at  Portland  International  Airport  at  a 
public  hearing  we  heard  a supposedly  knowledgeable 
person  make  the  statement  that  he  knew  the  airport 
was  violating  carbon  monoxide  standards  because  he 
could  see  It  at  takeoff  and  could  smell  It  all  the 
time.  When  you  get  Into  public  complaints,  you 
really  have  to  be  able  to  break  these  down  quite  a 
bit  and  It  may  not  be  the  airport  they  smell.  It 
conceivably  could  be  something  else  and  the  same 
way  with  visibility,  so  I would  caution  you  on  that. 

I have  one  question  or  maybe  it  Is  a comment.  If 
we  do  launch  Into  a program  for  engine  manufact- 
urers and  users,  or  change  of  cycles  or  modes,  so 
that  we  get  Into  more  hydrocarbon  control,  less 
emissions  from  the  aircraft,  I think  It  Is  very 
possible  we  will  Increase  NO  emissions  and  It  is 
also  possible  that  we  will  even  Increase  CO  emissions. 
In  some  respect. 

You  can't  just  automatically  say  that  reduction  In 
hydrocarbon  will  give  you  a reduction  In  CO  because 
there  are  different  mechanisms  involved.  My  con- 
cern Is  that  If  hydrocarbons  are  controlled  but  at 
the  expense  of  increasing  either  CO  or  oxides  of 
nitrogen,  this  might  have  an  effect  if  It  became 
public.  It  might  tend  to  enter  into  some  future 
rule  making  and  tend  to  negate  the  hydrocarbon  con- 
trol methods  that  may  be  In  the  research  stage. 

KITTREDGE:  Perhaps  I can  comment  first.  I am  sure 
that  others  can  add  to  this.  Certainly  we  have  to 
consider  these  tradeoffs  In  the  rule  making  that  we 
are  going  through  now.  .As  to  the  actual  extent  to 
which  hydrocarbon  control  Is  compromised  by  control 
of  the  other  species,  I think  It  might  be  more 
appropriate  for  some  of  the  engine  representatives 
here  with  us  today  to  comment  on  that  point,  but 
all  I can  say  is  that  from  EPA's  standpoint,  we 
must  consider  these  tradeoffs  and  you  are  entirely 
right  in  pointing  that  out. 

Perhaps  Tony  would  like  to  add  to  that. 

WASSELL:  I would  like  to  express  my  appreciation  to 
the  FAA  for  organizing  this  conference.  I have  found 
It  Interesting  and  Informative,  and  1 think  It  has 
given  me  personally  a broader  perspective  and  I have 
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A question  for  Mr.  Klttredge.  I will  put  mine 
first  and  come  back  to  his  comment, 

I would  like  to  know  what  bases  EFA  has  used  to 
formulate  the  proposed  revision  of  Its  Code 
Emission  Standards  with  their  Increasing  severity 
that  were  published  In  March.  We  have  heard  In 
these  last  three  days  that  on  the  basis  of  air 
quality  predictions,  we  have  got  a number  of 
Inaccuracies  In  the  predicting  mechanisms.  Dr. 
Pasqulll  pointed  that  out  and  It  has  been  referred 
to  by  the  panel.  Nevertheless,  It  has  been  pointed 
out  that  there  have  been  violations  of  the  national 
ambient  air  quality  standards  on  the  airport  Itself 
In  localized  areas  to  which  the  public  Is  without 
access.  In  general,  the  airports  don't  contribute 
to  the  surrounding  areas  and  act  as  sinks  rather 
than  sources  of  pollution.  The  aircraft  Industry 
has  consistently  stated  that  If  It  has  got  to  meet 
the  letter  of  regulations  as  they  are  currently 
l.ild  down,  we  probably  haven't  got  the  technology, 
and  I would  Just  like  to  see  what  Mr.  Klttredge 
thinks  Is  EFA's  rationale  for  the  regulations. 

Before  he  answers,  perhaps  I will  make  a comment 
on  the  question  he  put  to  me  or  to  the  aircraft 
Industry.  It  Is  Indeed  true.  In  trying  to  meet 
the  standards  as  they  are  currently  promulgated, 
taking  note  of  the  fact  that  we  are  not  quite  sure 
how  compliance  demonstrations  should  be  met,  but 
assuming  some  method  of  compliance  has  to  be  a- 
dopted,  then  certainly  we  are  finding  that  trade- 
offs between  hydrocarbons  and  carbon  monoxides 
and  smoke  and  oxides  are  becoming  very  important 
In  the  development  of  combustion  systems  aimed  at 
meeting  the  regulations.  I think  It  is  a very 
timely  comment  that  we  should  perhaps  take  more 
note  of  the  interactions  of  the  pollutants  before 
setting  all  the  standards. 

KITTREDGE:  Tony,  your  question  Is  an  awkward  one, 
which  I expect  you  may  realize.  This  Is  not  a pub- 
lic hearing  and  I can't  say  anything  here  that  In 
any  way  can  prejudice  what  Is  going  to  come  out  of 
the  complete  rule-making  action,  as  a part  of  which 
we  will  certainly  be  considering  additional  comments 
furnished  by  persons  such  as  yourself  that  bear  on 
these  very  points. 

The  rule-making  action  that  we  proposed  in  March, 
ns  you  know.  Is  In  most  respects  a relaxation  of 
the  original  standards  which  would  have  gone  Into 
effect  in  January  of  next  year,  primarily  as  a 
result  of  our  conviction  that  the  technology  Just 
wasn't  ready,  and  secondarily  as  we  got  Into  the 
program,  because  of  jur  growing  awareness  that  the 
air  quality  homework  needed  to  be  redone. 

The  Information  that  we  put  together  roughly  this 
time  last  year,  which  Is  in  the  NFRM,  was  based  on 
what  we  knew  at  that  time.  We  now  have  considerably 
more  Information  and  we  will  be  considering  it  be- 
fore final  promulgation  and  I think  that  is  about 
as  far  as  I can  go  along  those  lines. 

WESLER;  In  George's  defense  although  he  doesn't 
need  one,  both  he  and  we  of  the  FAA  sometimes  find 
ourselves  in  the  awkward  position,  where  rule  making 
Is  underway,  of  not  being  able  to  debate  some  of 


these  points  In  public, 

GELINAS : Mr.  Klttredge,  I have  a question  for  you. 
Would  the  expansion  of  the  existing  airports  with 
emissions  greater  than  a hundred  tors  per  year  which 
are  located  In  nor. -attainment  areas,  require  an 
emission  offset  for  those  additional  pollutants? 

KITTREDGE:  I am  not  very  familiar  with  our  offset 
program,  but  I think  It  would,  yes. 

GELINAS:  Do  you  have  any  Idea  of  how  these  offsets 
might  be  attained? 

KITTREDGE:  No.  We  have  been  playing  around  with 
other  sources  of  the  same  pollutants  showing  that, 
granted  that  hydrocarbon  emissions  are  going  to  go 
up,  you  could  squeeze  the  emissions  down 
from  perhaps  a petroleum  refinery  or  some  other 
source  In  the  same  area, 

GELINAS:  ilost  of  these  areas  are  going  to  require 
reasonable  further  progress  towards  attaining  the 
standards.  The  emission  rates  In  the  whole  region 
must  be  decreased  In  the  future  years  out  to  1982 
and  1987.  I was  curious  If  you  knew  ways  In  which 
they  could  attain  offsets.  I see  that  with  the 
expansion  of  airports  In  the  future.  Another 
question  is  what  does  an  expansion  of  the  airport 
entail?  Would  that  be  a new  satellite  area  or  new 
gate  or  an  expansion  of  the  number  of  operations  at 
a given  airport?  Would  that  entail  requirements  of 
offset? 

KITTREDGE:  What  level  of  change  it  would  take  to 
require  an  offset  I honestly  don't  know.  I am 
not  at  all  close  to  that. 

GELINAS : I guess  that  would  have  to  be  related 
back  to  the  amount  of  emissions  that  would  be  In- 
creased accordingly. 

KITTREDGE:  As  to  hydrocarbon  emissions,  the  other 
logical  sources  to  work  with  are  automobiles,  and 
since  the  vehicles  are  being  squeezed  already,  what 
you  have  to  work  with  is  Inspection  and  maintenance 
or  curtailment  of  new  highway  projects  perhaps  as  a 
tradeoff  with  the  airport  and  you  have  stationary 
sources  such  as  dry  cleaning  plants  and  other  manu- 
facturing operatlors. 

GELINAS:  With  Industrial  area  facilities  trying  to 
grow  as  well,  there  Is  going  to  be  a real  challenge 
to  try  and  get  emission  offsets.  I guess  I am  try- 
ing to  make  a plug  here  for  my  paper.  I was  think- 
ing that  perhaps  these  operational  control  strategies. 
If  some  of  them  could  be  considered,  that  might  be  a 
way  to  attain  an  emission  offset. 

I don't  know  If  you  heard  my  paper  this  mojTilng.  I 
was  trying  to  get  your  feeling  on  whether  that  might 
be  an  acceptable  way  that  EFA  would  allow  the  exten- 
sion of  a given  airport  In  an  urban  area. 

KITTREDGE:  I was  late.  I missed  your  paper.  Cer- 
tainly operations  control  would  be  a .Telling 
point  that  could  be  used  In  connection  with  such  a 
project.  We  were  very  Interested  In  the  ground 
operations  control  of  aircraft  back  when  the 
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standards  were  first  promulgated  in  1973,  and  par- 
ticipated with  the  FAA  and  the  ATA  in  some  experi- 
ments at  Atlanta  with  aircraft  operations. 

GELINAS:  I guess  that,  could  even  go  as  far  as  get- 
ting reduction  in  vapor  control  techniques  for  fuel- 
ing of  aircraft,  storcc-  tanks  on  the  ground,  that 
whole  category  there. 

PASQUILL:  I thought  you  might  like  me  to  reiterate 

my  views  on  some  aspects  of  dispersion  science  in 
light  of  vapors  and  discussions  mad'  since  I gave 
my  presentation.  Before  I do,  I wonder  if  I might 
take  ten  seconds  or  so  for  a meteorological  Joke 
told  to  me  and  recalled  by  Don  Rote's  reference 
to  the  importance  of  perception. 

Many  years  ago,  the  Meteorological  Office  in 
England  was  forced  to  undertake  a series  of  experi- 
ments on  rain  making  as  I think  many  other  organiza- 
tions were  likewise  forced  to  do,  and  I was  Involved 
in  the  planning  and  execution  of  those  experiments 
in  the  1950’a. 

My  experiment  was  concerned  with  trying  to  demon- 
strate whether  or  not  ground-based  silver- iodide 
generators,  if  used  in  advance  of  a warm  t rontal 
band  of  rain,  would  augment  that  rainfall.  The 
experiment  was  set  up  with  the  release  of  the 
silver  iodide  near  Salisbury  on  Salisbury  Plain, 
in  southwesterly  winds.  There  were  special  arrange- 
ments for  monitoring  the  rainfall  in  various  areas 
to  the  east  of  that  and  around  the  London  area. 

The  press  were  apprised  of  these  experiments  from 
the  beginning  because  it  was  of  such  public 
interest. 

On  the  occasion  of  the  first  big  release  of  silver 
iodide,  in  a warm  frontal  situation,  there  was  a 
preos  reporter  going  around  in  London  and  it  so 
happened  that  that  warm  front  did  produce  a very 
large  amount  of  rain.  It  really  did  pour  down  in 
London,  and  the  reporter  accosted  a cab  driver 
who  was  waiting  with  his  cab  and  he  said  to  him, 

"Did  you  know  that  this  experiment  was  going  on, 
and  I wondered  what  you  thought . Do  you  think 
that  this  rainfall  that  we  are  getting  is  caused 
by  the  silver  iodide?"  And  the  cab  driver  put  his 
head  out  the  window  and  let  the  rain  stre.nm  down 
his  fece,  smacked  his  lips  and  said,  "Yes,  1 can 
taste  it." 

Hell,  I don't  know  whether  this  has  a moral  about 
perception. 

When  I was  invited  to  come  to  this  conference, 
one  of  my  first  thoughts  was,  well,  is  this  going 
to  be  different  from  other  air  pollution  confer- 
ences, of  wtiich  we  have  many.  I thought  that  from 
the  dispersion  meteorology  point  of  view  I could 
confidently  expect  that  it  would  not  be  different, 

I mean  in  technical  aspect,  and  I think  this  has 
proven  to  be  correct. 

I think  that  it  is  fair  to  say,  and  that  it  has 
come  out  of  the  discussion,  that  exactly  the  same 
problems  that  arise  in  this  matter  of  dlpersion 
modeling  for  airport  sources  have  arisen  in  the 
other  aspects  of  air  pollution,  in  particular. 


one  sees  that  one  has  exactly  the  same  special 
difficulties,  notably  those  arising  from  vhat  goes 
on  very  close  to  the  sources,  and  the  difficulties 
that  arise  in  attempting  to  predict  or  estimate 
what  happens  in  individual  events  if  one  gets  caught. 

In  other  words,  short-term  concentrations  at  parti- 
cular positions. 

Exactly  the  same  difficulties  apply  in  your  case  of 
assessing  the  impact  of  airport  pollution. 

I think  it  is  evident  also  from  the  papers  and  dis- 
cussions that  we  have  had  that  the  use  of  detailed 
modeling  doesn't  necessarily  and  always,  allow  one 
to  see  the  wood  for  the  trees  in  assessing  the  ef- 
fects, and  as  in  the  other  applications  of  air  pol- 
lution modeling,  it  is  likewise  clear  that  the  con- 
centration modeling  stage  may  have  entailed  a mis- 
application of  the  basic  dispersion  parameters  that 
I used  in  estimating  the  concentration. 

We  have  noted  one  or  two  cases  of  that  and  I think 
that  with  that  aspect  in  mind  it  is  important 
that  people  who  are  concerned  with  one  aspect 
or  another  of  thl,  modeling  should  be  encouraged 
to  do  several  things. 

First,  to  take  critical  opinion  on  the  meaningful- 
ness, the  applicability,  of  these  dispersion  para- 
meters. This  is  quite  easy  to  do.  It  is  just  a 
matter  of  communication. 

Secondly,  to  undertake  what  I would  call  simplified 
calculations  for  selected  cases.  In  many  cases 
I thlt.U  that  it  must  be  possible  to  make  a useful 
estimate  of  what  the  Impact,  as  you  call  it,  has 
been,  especially  in  the  longer-term  sense  like  the 
eight-hour  sense  from  quite  simple  calculations 
where  in  the  first  Instance  one  needn't  worry  about 
a detailed  modeling  of  the  spatial  and  temporal 
variations  of  releases. 

A broad  picture  of  thi-  total  amount  of  material 
would  enable  one  to  get  a broad  picture  of  the 
long-term  eight-hour  impact  in  many  cases,  which 
will  be  revealing,  and  one  might,  if  one  is  doing 
calculations  like  that,  focus  one's  interest  more 
on  the  worst  cases  which  I know  some  people  have 
already  been  doing.  I think  one  sho’Xd  do  that 
more  because  in  the  end,  and  as  we  find  in  virtually 
all  air  pollution  problems,  it  is  the  extreme  cases 
that  really  produce  the  effc:cts  on  the  problems  and 
not  the  general  cases. 

Then,  I think  that  it  would  be  very  important  to 
continue  to  press  for  crucial  measurements  of  the 
type  that  establish  the  initial  behavior  of  the  re- 
leases at  the  source  in  these  cases  because  then 
one  is  going  to  be  In  a very  much  better  position 
to  be  realistic  about  the  close-in  Impact  of  the 
release  and  its  dispersion. 

That  can  be  done  by  visualization  techniques.  We 
have  seen  some  of  that , or  Indeed  by  the  measure- 
ments of  concentration  distribution. 
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Then  one  should,  of  course,  always  be  thinking  of 
applying  all  these  foregoing  aspects  in  bringing 
out  the  uncertainty  of  model  estimates.  One  hears 
talk  of  sensitivity  studies,  sensitivity  to  various 
parameters . 

That  is  an  essential  part  of  it,  but  one  has  got  to 
carry  it  further  and  have  a notion  of  what  the 
variations  of  parameters  are  going  to  be  anyway  as 
■well  as  having  evaluated  what  the  sensitivity  of  the 
model  is. 

Finally,  Just  one  point  about  the  odor  problem;  it 
appears  at  the  moment  that  that  la  an  aspect  of 
evaluating  the  concentration  dlstribut-'.on  which  is 
perhaps  in  practice  not  very  pressing  at  the  moment, 
but  it  is  thought  tliat  well,  one  can't  be  sure  that 
it  won't  be.  All  I can  say  is  that  if  it  is,  then, 
of  course,  your  modeling  pioblem  is  Just  another 
order  of  mangitude  greater  becaupe  of  the  obvious 
fact  that  the  odor  problem  is  a matter  then  of  In- 
staneous  concentrations  and  we  all  know  how  vari- 
able, enormously  variable,  instanteous  concentra- 
tions are  going  to  be. 

SCHUERMAN:  I am  very  much  a neophyte  in  this  whole 
issue.  I have  been  Involved  for  only  about  a year, 
but  I did  observe  that  we  gave  a lot  of  time  to  the 
modeling  problem  yesterday.  It  seemed  to  be  a very 
strong  theme.  I suspect  that  these  models  are  being 
used  quite  heavily  to  help  us  make  decisions  about 
the  problem. 

I don't  know  if  my  perspective  is  correct  or  not, 
but  that  is  my  impression,  and  I also  have  the 
fear  that  we  may  all  have  a low  level  of  confidence 
in  the  models,  particularly,  the  issue  of  exhaust 
plumes  seemed  to  crop  up  so  regularly  yesterday 
in  tha  dispersion  problem. 

My  observation  of  the  paper  (I  think  it  was  by  D. . 
Cermak  on  the  scale  modeling  that  he  had  done  of 
the  city  problems  with  smoke  stacks  and  so  forth) 
left  me  with  the  impression  that  he  was  a man  who 
has  a very  good  handle  on  the  techniques  as  well 
as  the  shortcomings  of  this  approach,  but  the 
problem  that  we  are  trying  to  model,  in  general,  is 
very  large  scale.  We  talk  of  80-foot  towers  and 
many  feet  and  meters  associated  with  the  problem. 

In  practice  it  is  difficult  for  us  to  get  the 
measurements  that  we  all  want  to  confirm  these 
things  that  we  are  modeling  or  maybe  we  should 
really  say  simulating.  I think  it  might  be  wise 
to  pursue  the  approaches  of  Dr.  Cermak  and  we  might 
be  able  to  study  the  exhaust  plume  problem  among 
other  things,  in  better  detail. 

Number  one,  just  to  get  some  visualization  of  the 
problem.  I think  that  is  Important . 

I think  it  is  possible  that  some  measurements  can 
be  taken,  and  that  maybe  progress  can  be  made  at 
a much  faster  rate  in  dealing  with  the  model  prob- 
lem if  the  experimental  aspect  of  this  problem  con 
be  brought  into  view  with  higher  concentrations. 

I offer  that  as  my  observation. 


NELSON:  I would  like  to  pursue  this  line  of  think- 
ing a llt»!'e  further.  In  my  observation  of  the  pa- 
pers tlwt  had  been  presented  on  modeling , it  would 
appear  to  ma  that  the  variations  are  great  and  that 
generally  the  models  used  in  the  past  have  erred  in 
the  over-prediction  direction.  Since  we  are  running 
the  Argonne  model  as  one  of  the  prime  models  in  de- 
termining whether  standards  are  needed  or  not,  I 
wonder  whether  some  of  these  errors  in  the  over-pre- 
diction method  are  planned  to  be  Incorporaced  and 
the  studies  re-run,  together  with  the  validation 
using  hard  data  from  Washington  National?  Is  that 
correct? 

ROTE:  I think  that  some  of  the  things  that 

Dr.  Pasqulll  talked  about  have  been  incorporated 
already.  He  has  brought  up  some  additional  re- 
marks and  I think  he  pointed  out  a problem  with 
the  use  of  distance-dependent  versus  time-depen- 
dent coefficients.  That  was  discussed  at  length 
and  I think  that  is  going  to  be  pursued  further, 
but  the  effects  that  were  present  in  some  of  the 
earlier  models  are  not  in  the  present  model. 

The  earlier  models  used  the  dispersion  coefficients 
directly  from  the  Turner  workbook,  which  were  three- 
minute  sampling  times,  and  even  that  was  not  common- 
ly kiiown.  I think  there  was  some  confusion  over  the 
years  as  to  whether  that  was  three  minutes  or  tea 
minutes  and  even  given  that  confusion,  it  was  not 
clear  to  people  who  used  models  whether  one  should 
worry  about  that  at  all.  We  did  modify  those  models 
according  to  whatever  theory  and  experiment  were 
available  at  the  time,  and  made  them  correspond  at 
least  theoretically  to  one-hour  sampling  times  in- 
stead of  three-minute  sampling  times. 

Unfortunately,  there  is  not  a whole  lot  of  data 
dealing  with  that  subject.  In  particular,  the  data 
of  Harry  Cramer  is  probably  the  most  complete  data 
that  I am  familiar  with,  unless  Frank  can  think  of 
some  other  ones,  which  looked  at  the  method  by  which 
one  can  transform  those  dispersion  coefficients  into 
longer  sampling  times,  and  that  was  the  basis  upon 
which  we  did  transform  those  coefficients. 

I think  there  is  still  quite  a fair  uncertainty  in 
precisely  what  is  happening  in  the  near  field,  as 
Dr.  Pasqulll  pointed  out,  and  I think  certainly  the 
suggestion  to  look  at  the  wind  tunnel  is  a very 
good  one.  I think  that  a combination  of  the  wind 
tunnel  studies  along  with  the  visualization  studies 
would  be  extremely  useful. 

I think  in  fact  if  you  do  those  two  things  toget'tier 
then  you  can  develop  a little  better  confidence  in 
problems  you  might  have  with  scaling  in  the  wind 
tunnel  case. 

I think  there  are  definitely  problems  in  obeying 
the  similarity  requirements.  You  see,  you  have 
this  problem  with  smoke  stacks,  and  you  are  going 
to  have  a much  more  severe  problem  in  the  case  of  air 
craft  because  the  size  of  the  aircraft  is  critical  in 
determining  the  wakes  and  turbulence  generated  by  the 
vehicle  Itself.  Whereas  you  will  have  some  uncertain 
ties,  if  you  do  the  wind  tunnel  experiments,  I think 
combining  that  with  the  visualization  studies,  if 
they  prove  to  be  fruitful,  would  be  an  excellent  way 
to  go. 
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NELSON:  Hov  long  would  that  take? 

ROTE:  I would  say  you  could  do  that  kind  of  study 
In  about  a year.  If  we  can  develop  these  visuali- 
zation experiments,  I think  that  we  are  talking 
probably  of  the  order  of  maybe  two  or  three  people 
working  for  a year.  I was  looking  for  Jack  Cermak, 
but  he  Is  apparently  not  here,  and  he  could  probably 
give  you  an  estimate  of  what  It  would  take  to  do 
the  wind  tunnel,  but  I would  any  offhand  a year's 
worth  of  work.  1 don't  know  how  many  man-years 
would  be  Involved  In  that,  but  I would  Imagine  a 
couple  of  people  working  could  handle  that  prob- 
lem. 

I think  the  loost  Important  thing  Is  to  settle 
on  a few  configurations,  head  wind  or  tall  wind, 
such  as  we  saw,  and  to  get  a reasonable  understand- 
ing of  what  Is  going  on  there. 

HELFRICH:  I wv-iuld  like  to  ask  If  the  Air  Force  Is 
planning  to  change  Its  emissions  goals?  The  ones 
I am  aware  of  nov  are  for  1979  and  1981,  which 
compares  with  the  1973  EPA  emission  regulation, 
and,  of  course,  we  are  looking  at  a NPRM,  with 
81  and  84  dates.  Secondly,  the  people  In  our 
Government  Products  Division  would  like  to  know 
whether  the  Air  Force  plans  to  regulate  emissions 
for  military  transport  engines  In  the  1980's? 


KITTREDGE:  You  may  well  be  entirely  right.  I have 
not  made  a detailed  study  of  this  and  my  Impromptu 
response  to  the  gentleman's  comments  was  not  based 
on  having  studied  the  question  I had  mentally  con- 
strued, that  Is,  an  airport  Is  a large  area  source 
of  pollution,  and  as  such  might  fall  under  It,  but 
you  may  well  be  right. 

SEGAL:  I would  like  to  direct  this  statement  to 
Dr.  Rote.  Because  of  the  Infrequent  occurrence  of 
worst-case  wind  conditions  (low  wind  speeds)  and 
the  nighttime  occurrence  of  worst-case  stability 
conditions,  models  are  usually  validated  with 
measurements  taken  during  the  more  convenient  day- 
time hours  and  during  the  more  frequent  times  of 
higher  wind  speeds . 

How  accurately  can  models  predict  worst-case 
conditions  from  a non-worst-case  measurement  base? 


ROTE:  I think  that  is  always  an  easy  question  to 
answer.  So  long  as  you  are  convinced  that  we  ought 
to  Improve  the  tools,  then  the  easy  answer  Is  we  go 
out  and  do  more  measurements  so  we  have  a basis  for 
improving  the  tools.  As  to  when  to  perform  the 
experiments.  If  you  want  to  go  to  the  worst-case  sit- 
uations, then  of  course  you  have  to  expand  the  focus 
of  your  study. 


DALEY:  We  are  In  the  process  of  looking  at  the  Air 
Force  goals  for  emissions.  Whether  there  will  be 
changes  or  not,  I can't  tell  you.  We  will  have  a 
much  clearer  picture  of  this  In  six  months  when 
the  current  look  Is  ended. 


With  regard  to  transport  aircraft  In  general,  I 
am  not  really  prepared  to  talk  about  that,  but  I 
believe  the  policy  or  Che  goal  of  the  Air  Force  Is 
to  buy  as  many  off-the-shelf  engine  versions  In  the 
future  as  they  can,  but  other  aircraft  engines  if 
they  are  not  off-the-shelf  will  be  directed  towards 
the  emission  goals. 

LINDENHOFEN:  One  gentleman  asked  Mr.  Klttredge  It 
the  EPA  emissions  offset  policy  applied  to  a modi- 
fication of  an  airport,  and  I was  surprised  that 
you  Indicated  It  probably  did. 
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Amendment  of  1977,  and,  of  course,  not  being  a lawyer. 
Just  reading  it  straightforward,  it  appeared  to  mt 
It  was  specific  for  stationary  sources,  talking  about 
point  sources.  Actually,  I think  an  airport,  a large 
area  source,  could  be  controlled  or  Its  environment 
estimated  through  the  indirect  source  review  process. 


The  emissions  offset  policy  to  this  time  I believe 
has  been  applied  at  three  sources  In  the  United 
States,  and  they  were  all  point  sources,  the  GM 
plant,  close  to  Tinker  Air  Force  Base,  the  Volks- 
wagen plant  up  in  Pennsylvania,  and,  the  most  recent 
one,  1 think  that  negotiations  are  going  forward  on 
Is  Standard  Oil's  port  off-loading  facility  in  Long 
Beach. 


I realize  In  the  case  of  Concorde  you  were  very  limited 
by  the  fact  that  there  were  only  two  Concorde  landings 
a day.  You  did  the  experiments  when  you  had  to  do  them. 
Obviously  the  fault  with  that  particular  experiment 
was  that  we  had  severe  limitations  on  the  range  of 
meteorological  conditions  that  we  would  work  in.  I 
suppose  that  It  would  be  desirable  to  go  back  to  some 
of  these  airports  like  Kennedy  and  LAX  and  do  studies 
under  more  adverse  meteorological  conditions,  and 
also  adverse  traffic  conditions. 

Since  you  are  not  only  addressing  annual  average 
standards  but  also  once-or-twlce-per-year  standards, 
then  I suppose  the  time  you  ought  to  be  out  there 
doing  measurements  is  the  time  when  you  expect  to 
have  those  once-or-twlce-a-year  worst  cases  like 
around  Christmas  and  Thanksgiving  and  Easter,  and 
I will  take  all  volunteers  for  those  who  want  some 
field  work  at  those  times. 

ITESLER:  As  a plug  for  Howie  Segal's  paper,  Monday 
afternoon  he  tried  to  do  a worst-case  condition 
for  a general  aviation  airport  down  In  Florida, 
and  he  did  get  a pretty  bad  case  down  there. 

RIEHL:  1 would  like  to  address  a couple  of  topics, 
one  concerning  the  wind  tunnel.  One  of  our 
conclusions  with  our  studies  with  the  infrared 
Imaging  was  the  fact  that  that  probl  .ii  was  a good 
place  to  start,  which  we  decided  somehow  to 
do,  and  I think  after  seeing  Professor  Cermak 's 
work,  that  we  will  not  reinvent  the  wheel,  but 
talk  a lot  to  him. 

Another  Important  Issue  that  was  addressed 
earlier  was.  In  Improving  hydrocarbon  and  carbon 
monoxide,  v:-'!!  we  do  so  at  the  expense  of  maybe 
NOjj?  I think  some  of  the  fixes  so  to  speak, 
that  we  have  seen  concerning  some  of  those 


I believe  we  would  run  Into  a lot  of  difficulty  if 
the  emissions  offset  policy  was  applied  to  airports 
large  area  sources. 
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Items  would  do  that.  They  are  directly  related, 
but,  more  Importantly,  1 think  that  thlnga  which 
aren't  really  being  considered  and  should  be  are 
not  only  one  pollutant  with  respect  to  another, 
but  the  fixes  that  you  are  thinking  about  for 
these.  Are  they  reliable?  How  do  they  affect 
safety?  Are  they  cost  effective?  Are  they 
fuel  effective  and  things  like  that,  and  I don't 
think  these  things  have  been  properly  addressed 
and  I think  they  should  be. 

HUIE:  Regarding  the  worst-cas::  situations,  how 
do  you  address  those?  As  I understand  It,  that 
really  Is  the  goal,  the  purpose  of  the  models. 

You  are  able  to  take  measurements  under  a parti- 
cular set  of  circumstances,  and  the  function  of 
a model  Is  to  extend  these  measurements  to  other 
circumstances,  to  allow  you  to  pro' set  what  will 
happen  under  certain  meteorological  conditions,  to 
allow  you  to  project  what  will  happen  when  you 
increase  the  burden  on  the  airport.  The 
answer  simply  Is  that  Is  why  we  have  models,  and 
that  is  why  we  have  modelers. 

I hope  that  Is  why  we  have  chemists.  I do  have 
one  further  question  about  the  reduction  In  hydro- 
carbons. One  of  the  apparent  problems  now  with 
automobiles  is  that  although  hydrocarbons  are  being 
reduced,  apparently  the  only  things  that  are  being 
measured  are  hydrocarbons.  Aldehydes,  which  are 
actually  worse  as  far  as  oxygen  creation  and  are 
worse  particularly  as  far  as  odor  creation  la  con- 
cerned, may  be  increased  at  the  expense  of  these 
hydrocarbons. 

As  hydrocarbons  are  being  reduced  with  new  engines, 
arc  other  things  like  aldehydes  going  up? 

KITTREDGE:  In  the  automotive  case,  the  widespread 
use  of  catalytic  converters  to  achieve  hydrocarbon 
standards,  has  worked  to  the  advantage  of  reducing 
aldehyde  levels  also.  We  have  seen  numerous  mea- 
surements demonstrating  that  through  hydrocarbon 
standards,  we  have  automatically  gotten  control 
that  we  didn't  have,  of  aldehydes,  polvnuclear 
aromatics,  and  the  like. 

With  respect  to  the  emissions  from  the  advanced 
combustors  that  we  expect  to  be  used  to  meet  hydro- 
carbon standards  from  aircraft  turbojet  engines,  I 
know  of  no  penalty  in  terms  of  aldehyde  emissions. 
Again,  I would  encourage  Mr.  Wassell  or  Mr.  Nelson 
to  comment  on  that  point  further.  I am  not  aware 
that  there  is  a trade-off. 

WASSELL:  I don't  think  we  have  many  measurements 
differentiating  between  aldehydes  and  hydrocarbons. 
When  such  InComatlon  has  been  gathered  In  the  past. 
If  you  reduce  the  hydrocarbons,  you  normally  also 
reduce  the  aldehydes. 

ROTE:  In  response  to  the  gentleman  from  NBS , as  to 

why  we  have  models,  I think  that  there  Is  enough 
uncertainty,  not  only  In  the  model,  but  what  con- 
stitutes a worst  case  to  warrant  establishing  a 
sufficient  observation  data  base.  Coming  back  to 
my  old  favorite,  O'Hare,  you  can  specify  conditions. 
You  can  go  out  there,  for  example,  and  do  some 
observations  of  what  happens  to  aircraft  activity 
under  various  conditions,  but  I have  seen  cases 


where  aircraft  are  lined  up  along  every  single 
piece  of  available  pavement  on  the  airport,  and 
that  I would  say  was  a traffic  worst  case. 

Now,  if  I hadn't  gone  out  there  and  put  that 
observation  down  on  paper,  I would  never  have 
modeled  It . I never  even  would  have  thought  of  it . 

I would  have  thought  the  whole  thing  was  absolutely 
ridiculous,  but  nevertheless  that  happens.  There- 
fore one  must  go  out  and  do  some  measurements 
and  I have  no  Idea  what  the  air  quality  concentra- 
tions are  under  those  conditions. 

I wish  I could  have  had  one  of  Howard  Segal's 
Ecolyzers  at  the  time  I was  there.  It  would  have 
been  a very  Interesting  study.  I don't  recommend 
that  we  sit  around  all  year  waiting  for  that  one 
episode  to  occur,  but  obviously  before  we  can 
settle  the  question  of  worst  case,  we  have  to  do 
some  appropriately  designed  measurements. 

FORNEY:  So  far  as  I know,  John,  I am  not  under  any 
constraints  of  what  I can  say  because  I am  not  in- 
volved in  pollution  rule  making. 

The  first  thing  I would  like  to  say  Is  to  George. 

In  that  part  of  FAA  that  has  got  to  enforce  his 
rules  on  engines  no  one  was  more  grateful  than  I 
that  he  proposed  removing  them  from  general  aviation 
and  delaying  the  dates  from  January  1 , 1979  because 
we  couldn't  do  It  by  those  dates.  We  don't  know 
ho  • to  now,  so  we  are  grateful  for  the  extra  time 
so  we  con  learn  how.  The  uncertainty  In  the  In- 
struments specified  by  EPA,  the  conditions  under 
which  we  have  to  operate  and  measure  them,  and 
things  of  that  nature,  and  the  variability  among 
engines.  Is  such  that  today  we  would  have  an 
extremely  difficult  job  enforcing  any  standards  on 
gaseous  emissions. 

That  Is  just  a side  comment  to  lead  up  to  my 
Impression  of  this  conference,  and  there  Is  one  seed 
of  doubt  I would  like  to  put  in  every  modeler's  mind 
that  has  been  here  today.  Nothing  has  been  said  here 
about  the  quality  of  emissions  data  from  engines. 

Now  one  gentleman  this  morning  asked  Bill  Patten 
about  how  good  his  ground  service  cart  data  was 
and  how  good  his  APU  data  was.  That  is  how  good 
the  engine  data  is. 

We  have  data  and  the  best  data  that  is  available 
Is  on  new  engines.  The  FAA  has  had  one  project 
trying  to  determine  what  happens  when  engines  are 
used,  but  in  that  program,  every  time  the  airline 
did  some  significant  maintenance  action  on  the 
engine,  it  was  dropped  from  the  program  and  It  was 
no  longer  measured. 

One  contractor,  JT9D  in  the  797  program,  started 
out  with  23  engines,  I think  nine  months  later, 

22  had  been  dropped  out,  so  that  doesn't  give  us 
much  data  on  engines,  on  what  happens  to  engines 
as  they  are  operated. 

Now,  we  do  know  that  FAA  oversees  the  maintenance 
programs  of  all  the  airlines,  and  they  arc  all 
different.  Each  airline  establishes  Its  own 
maintenance  program.  They  satisfy  the  FAA  that  It 
Is  a safe  and  airworthy  program  and  it  Is  approved 
and  it  does  not  have  to  be  l?ke  any  one  else's, 
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and  I can  give  you  one  example  of  the  kinds  of 
things  that  happen. 

We  know  one  airline  that  buys  spare  parts  for 
its  compressors  that  are  one  half  of  what  another 
airline  buys  for  engine  compressor  parts  for  that 
same  engine.  That  means  one  airline  is  letting 
its  compressors  deteriorate  and  concentrating  on 
keeping  its  hot  section  in  good  shape.  I don't 
know  to  what  extent  I am  getting  too  Involved  in 
this,  but  the  compressor  performance,  the  air  flow 
through  it,  and  the  efficiency,  all  affect  the  com- 
bustor inlet  conditions,  all  of  which  affect  the 
emissions.  We  don't  know  what  those  things  do 
and  it  is  going  to  take  us  a long  time  to  find  out. 

In  all  these  models  they  assume  this  good  engine 
data  and  you  predict  what  la  going  to  happen  in 
1990?  We  are  not  going  to  be  flying  brand  new 
engines  between  now  and  1990  and  the  engines  are 
not  removed  as  frequently  from  airll.iers  as  they 
used  to  be. 

New  engines  are  modular  and  there  may  be  a problem 
with  the  module  and  rather  than  remove  a whole 
engine,  you  take  a hot  section  off  and  put  a new 
one  on.  We  don't  know  what  that  does  and  there  is 
just  an  awful  lot  of  effort  that  has  to  be  mai' •• 
before  we  really  know  what  the  emission  output 
from  an  engine  is.  I just  wanted  to  say  this 
much  to  let  you  know  that  that  number  I have  been 
hanging  on  to  is  not  worth  hanging  on  to. 

There  Is  one  other  thing.  It  is  standard  practice 
today  in  airline  service  to  reduce  thrust  at  take- 
off. The  EPA  parameter  is  based  on  full  rated 
takeoff  thrust.  That  is  not  used  all  the  time. 

There  Is  a reduced  thrust  and  it  is  up  to  25  per- 
cent. That's  the  present  number  that  is  permitted. 
That  means  that  the  thrust  is  down,  the  fuel  flow 
is  down,  the  emission  numbers  are  different  and  we 
don't  know  all  these  things  yet.  This  ie  just  to 
let  you  know  that  in  addition  to  improving  your 
models  which  I am  convinced  aren't  any  good  either, 
you  have  convinced  me  of  that. 

1 loved  that  one  this  morning.  I think  it  was  the 
young  lady  here  showed  measured  slope  and  then  all 
three  of  the  models  were  at  90  degrees  to  it.  I am 
not  really  trying  to  make  fun  of  that.  I agree  with 
you.  Dr.  Rote,  the  models  have  Improved.  They  are 
better  today  then  they  were,  the  first  one  you  made. 

ROTE:  Tou  have  given  me  an  idea  for  how  to  define 
the  worst  case.  I think  the  next  calculation  we  do 
we  are  going  to  take  the  envelope  of  all  the  maxi- 
mum measurements  that  were  ever  performed  on  emis- 
sions and  use  that.  Would  that  be  all  right? 


ROTE.  I think,  to  be  serious  about  it,  I think  that 
this  is  one  more  reason  why  it  is  necessary  to  do 
neasurements  and  to  do  a reasonably  large  ensemble  of 
measurements  Instead  of  just  going  out  and  then  taking 
a measurement  here  and  a measurement  there.  One  has 
to  have  a lot  of  data.  I should  stress  one  of  the 
things  that  Howard  Segal  has  been  pushing  for,  and 
that  is  looking  at  the  individual  events.  I think 
there  is  value  in  doing  that , but  I think  it  is 
Important  to  do  — the  reason  I think  it  is  Important 
to  look  at  individual  events  is  because  you  can  see 
them,  you  can  pick  them  out  of  the  background  with- 
out any  trouble,  but  by  the  same  token,  you  had 
better  take  a large  number  of  those  single  events 
to  get  a proper  ensemble  average. 

As  to  how  much  of  the  variation  from  event  to  event  is 
due  to  meteorology  and  how  much  is  due  to  the  emission 
question  that  you  raised,  I don't  have  the  vaguest 
notion.  But  I am  sore  what  you  are  saying  is  that  one 
could  account  for  factors  of  two  and  three  in  variance 
because  of  emissions  alone,  and  I certainly  agree  with 
that . 

WESLER:  Thank  you,  Ken.  I think  you  have  a prac- 
tical point  there  that  sometimes  we  become  so  enamored 
of  the  mathematical  aspect  of  these  simulations  that 
we  forget  that  garbage  in  leads  to  garbage  out. 

MARTONE:  — the  last  couple  of  days  I had  a chance 
t^  talk  with  Jim  Elwood  from  Pratt  & Whitney.  We 
are  trying  to  put  together  a session  on  aircraft 
emissions  for  the  '79  APCA  meeting  in  Cinclnatti. 
Tentatively,  it  looks  as  if  we  are  going  to  have 
three  papers  which  deal  with  variability  in  air- 
craft engine  emissions.  Jim  has  agreed  to  put 
together  a paper  on  new  JT9D  engines. 

However,  he  also  mentioned  that  he  is  soliciting 
a paper  from  the  Natural  Gas  Turbine  Establishment, 
which  I think  will  be  on  older  engines.  Don  Bahr 
may  put  together  a paper  based  on  some  variability 
results  he  has  obtained  at  GE,  so  we  may  have  a 
lot  of  answers  to  questions  about  variability 
of  engines. 

WESIER:  That  sounds  very  good.  We  have  been  making 

some  measurements  within  the  FAA,  too.  One  is  a pro 
giaui  to  wiiich  Ken  referred. 

I would  like  to  thank  George  Kittredge,  Dr.  Don  Rote, 
and  Major  Peter  Daley  for  participating  In  the  panel 
this  afternoon  and  all  of  you  for  participating  in 
the  discussions. 


FORNEY:  For  what? 

ROTE:  Worst  case.  The  worst  case  would  be  when 
you  just  happen  to  hit  an  airport  with  all  engines 
that  are  in  pretty  bad  shape. 

FORNEY:  I wouldn't  have  any  trouble  with  your 
studying  that  and  trying  to  determine  if  it  is  the 
worst  case,  but  don't  make  me  tell  the  engine  man 
he  can't  ship  hla  engine.  I have  got  to  say  he 
can't  deliver  an  engine  or  he  can  and  that  is  where 
my  big  problem  is. 


232 


I 

[ 


I 


R- 

f-. 


I 

I 

it 


AIR  QUALITY  & AVIATION:  AN  INTERNATIONAL  CONFERENCE  - LIST  OF  PARTICIPANTS 


Richard  L.  Altman 
Pratt  & Whitney  Aircraft 
1125  - 15th  Street,  N.W. 

Washington,  D.C.  20005 

Mary  M.  Anderson,  Associate  Administrator 
for  Policy  and  International  Aviation  Affairs 
Federal  Aviation  Administration 
800  Independence  Avenue,  S.W. 

Washington,  D.C.  20591 

N.  Robert  Arthur 
204  Mowbray  Road 
Silver  Spring,  Maryland  20904 

Frank  Austin 

Federal  Aviation  Admin. 

Alaskan  Region  - AAL-4 
632  West  6th  Avenue 
Anchorage,  Alaska  99504 

Dale  F.  Backman 
F.A.A.  Northwest  Region 

Chief,  Appraisal  and  Planning  Staff,  ANW-8 
FAA  Bldg.,  Boeing  Field 
Seattle,  Washington  98108 

Donald  W.  Bahr 

General  Electric  Co.  M/D  H-52 
Aircraft  Engine  Group 
Cincinnati,  Ohio  45215 

Graham  J.  Bailey 
Counsellor  (Transport) 

Embassy  of  Australia 

1601  Massachusetts  Avenue,  N.W. 

Washington,  D.C.  20036 

E.  M.  Ballenr.welg,  AAE-10 
Federal  Aviation  Administration 
800  Independence  Ava.,  S.W. 

Washington,  D.C.  20591 

James  S.  Bauchsples 
ORI,  Inc. 

1400  Spring  Street 

Silver  Spring,  Maryland  20910 

Ernest  Bauer 

Institute  for  Defense  Analyses 
400  Army-Navy  Drive 
Arlington.  Virginia  22202 

Ladlslao  Beza 

Embassy  of  Czechoslovakia 

3900  Llnnean  Avenue,  N.W. 

Washington.  D.C.  20008 

Alec  T.  Binding 
Douglas  Aircraft  C. 

3855  Lakewood  Blvd.,  Mall  Code  36-41 
Long  Beach,  California  90846 


Herman  C.  Bliss 

F.A.A.  - AWE  - 600 

P.O.  Box  92007 

World  Way  Postal  Center 

Los  Angeles,  California  9OO09 

Richard  W.  Boubel 
DET  ADTCECC 

Tyndall  AFB,  Florida  32403 
David  Braslau 

David  Braslau  Assocs.,  Inc. 

2829  University  Avenue,  S.E. 

Suite  342 

Minneapolis,  Minnesota  55414 

Allie  W.  Callan,  Jr, 

Aerospace  Engineering  Department 
Auburn  University 
Auburn,  Alabama  36830 

Jack  E.  Cermak 

Colorado  State  University 

Fort  Collins,  Colorado  80523 

R.  H.  Cllnkscales 
International  Aviation  Consultant 
6808  Glenmont  Street 
Falls  Church,  Virginia  22042 

John  Connolly 

U.S.  Environmental  Protection  Agency 

P.O.  Box  15027 

Las  Vegas,  Nevada  8911n 

Jonathan  D.  Cook 
GEOMET  Inc. 

15  Flrstfleld  Road 
Gaithersburg,  Maryland  20760 

Ken  H.  Crumbly 
NASA,  MS  475 
Langley  Reaearrh  Center 
Hampton,  Virginia  23665 

Peter  S.  Daley 

Det  1,  ADTC/ECA 

Tyndall  AFB,  Florida  32403 

Bernard  T.  Delaney 
Fred  C.  Hart  Associates 
527  Madison  Avenue 
New  York,  New  York 

Jean  Delsey 

Instltut  de  Recherche  des  Transports 
109  Ar.  S.  Allende 
69500  Bron,  France 

Ramesh  Desal 

Federal  Aviation  Administration 
Airports  Division,  AWE-600 
15000  Aviation  Blvd. 

Hawthorne,  California 


233 


I 

I 


\ 

/ 


I 

F- 

I 

^ . 


|. 

i 

I 


I 


list  of  participants 


Currie  S.  Dowiiie 
National  Science  Foundation 
2212  Wakefield  Street 
Alexandria,  Virginia  22308 

Wm.  H.  Duewer 

I.awrence  Livermore  Laboratory 
L-262 

Livermore,  California 


Charles  Greenberg 

Boeing  Company 

M/S  73-07 

P.O.  Box  3707 

Seattle,  Washington  98124 

Howard  R.  Hammond 
P.O,  Box  23646 
Tampa,  Florida  33623 


Charles  R.  Eastwood 
NASA,  Code  ETW-6 
Washington,  P.C.  20546 

James  H.  Elwood 

Pratt  S Whitney  Aircraft 

400  Main  Street 

East  Hartford,  Connecticut  06108 

Charles  C.  Erhard 
Federal  Aviation  Administration 
Washington  National  Airport 
AMA-6 

V.E.  Ferry 

Direction  Generale  de  I'Avlatlon  Civile 
93rd  du  Mo  fparnasse 
75006  Paris,  France 

Jim  Few 
ARO,  Inc. 

Arnold  Air  Force  Station,  Tennessee 

A.K.  Forney 
FAA,  AFS-140 

800  Independence  Avenue,  S.W. 
Washington,  D.C.  20591 

Edward  R.  Frederick 
c/o  APCA 
P.O.  Box  2861 

Pittsburgh,  Pennsylvania  1l,230 
Gary  Gelinas 

Pacific  Environmental  Services,  Inc. 

1930  - 14th  Street 

Santa  Monica,  California  90404 

Perry  Goldberg 

PDWA,  Mall  Stop  EB-2C 

East  Hartford,  Connecticut 

Guy  Goodman 
lATA 

1000  Sherbrooke  St.  W. 

Montreal,  Quo. , Canada 

Sydney  J.  Gordon 
Northrop  Services,  Inc. 

1293  East  Patrick  Lane 
Las  Vegas,  Nevada  89119 

Stanley  J.  Green 

General  Aviation  Manufacturers  Assoc. 
1025  Connecticut  Avenue,  N.W. 
Washington,  D.  C.  20036 


George  P.  Hanley 

Genera]  Motors  Corp  Environmental  Staff 
CM  Technical  Center  FAS  Building 
Warren,  Michigan  48090 

Robert  E.  Hanson 

Port  Authority  of  New  York  4 New  Jersey 
Aviation  Planning,  Room  64N 
One  World  Trade  Center 
New  York,  New  York  10048 

Linda  Hartz 

CACI  1815  N.  Fort  Meyet  Drive 
Arlington,  Virginia  22209 

William  E.  Heifrich 
Pratt  a '.Thitney  Aircrail  Group 
400  Main  Street,  ADM-BS 
East  Hartford,  Connecticut 

Brent  K.  Hodder 
Boeing 

Box  3707,  M/S  73-07 
Seattle,  Washington 

Leroy  K.  Householder 
Ei.gineer  - Air  Force 
7313  Burroughs  Lane 
Falls  Church,  Virginia  22043 

Robert  E.  Huie 

National  Bureau  of  Standards 
Washington,  D.C.  20234 

Gary  L.  Jacks 

Air  Force  Engineering  Technology  Office 
AFETO/DEVP 

Tyndall  AFB,  Florida  32401 

F.  Nowell  Jones 
UCLA 

Dept,  of  Psychology 
University  of  California 
Los  Angeles,  California  90024 

Bruce  Jordan 

Environmental  Protection  Agency 

Office  of  Air  Quality  Planning  & Standards 

Research  Triangle  Park,  North  Carolina  27511 

Jackie  Kaneshlro 
liSAF/2nd  Weather  Squadron 
4533  B,  Reeves  Place 
Waldorf,  Maryland  20601 

Jim  Kaweckl 
Biospherics 
4928  Wyacanda  Road 
Rockville,  Maryland  20852 


1 


i 


i 


LIST  OF  PARTICIPANTS 


Dennis  Keefer 

University  of  Tennessee  Space  Institute 
fullahoma,  Tennessee  37388 

George  D.  Kittredge  AW455 

U.S.  Environmental  Protection  Agency 

401  M Street,  S.W. 

Washington,  D.C.  20460 

Anthony  F.  Klarman 

Navy  Air  Prop  Cen 

PE7i:  AFK 

P.O.  Box  7176 

Trenton,  New  Jersey  08628 

Malcolm  K.K.  Ko 

Atmospheric  & Environmental  Research,  Inc 
872  Massachusetts  Avenue 
Suite  2-9 

Arlington.  Massachusetts  02174 

Robert  Koch 
GEOMET 

15  Firstfield  Road 
Gaithersburg,  Maryland  20760 

Arnold  G.  Konheim 
Civil  Aeronautics  Board 
Chief,  Environmental  Affairs  Division 
Wfishington,  D.C.  20428 

Kick  Krull,  AEE-10 

Federal  Aviation  Administration 

800  Independence  Ave.,  S.W. 

Washington,  D.C.  20591 

Rc..ert  J.  LaRocca 
Washington  ARPT.  Dlst.  OFF. 

900  South  Washington  Street 
Falls  Church,  Virginia  22046 

W.J.  Laurence 

fiVA  Southern  Region 

P.O.  Box  20636  c/o  ASO-214 

Atlanta,  Georgia  30320 

John  F.  Leach 
British  Aerospace 
No.  7 DO 

Filton  Bristol,  England 

Herbert  E.  Lee 

l'.S.  Army  R4D  Command 

USA  AVR.\DCOM 

ATTN:  DRDAV-BP  (H.E.  Lee) 

P.O.  Box  209 

Sc.  Louis,  Missouri  63166 
Eugene  L.  Lehr 

ifflce  of  Environment  6 Safety,  P-20 
Department  of  Transportation 
Washington,  D.C.  20590 

Harry  Lindenhofen 
Air  National  Guard 
12301  Cedarwood  Court 
Woodbrldge,  Virginia  22191 


R.  J.  Linn 

American  Airlines 

633  Third  Avenue 

New  York,  New  York  10017 

Grady  V.  Maraman 
Air  Force  Reserve 
AFRESIDEPD 

Robins  AFB,  Georgia  31098 

Joseph  A.  Martone 

Det  1 ADTC/ECC 

Tyndall  AFB,  Florida  32403 

Louis  H.  Mayo,  Jr. 

Airport  Operators  Council  International 
1700  K Street,  N.W,,  Suite  602 
Washington,  D.C.  20006 

John  K.  McGrath 
FAA  AFS-140 

800  Independence  Avenue,  S.W. 
Washington,  D.C. 

Larry  Michalec 

U.S.  Navy 

Code  64270  NARF 

NAS,  North  Island 

San  Diego,  California  92135 

James  T.  Murphy 
FAA,  AAC  960 
FAA  Academy 

Oklahoma  City,  Oklahoma 

Dennis  F.  Naugle 

USAF  (Univ.  of  N.  Carolina) 

804  Christopher  Road 

Chapel  Hill,  Kortli  Carolina  27514 

Arthur  W.  Nelson 

Pratt  & Whitney  ACFT 

400  Main  Street,  EB-2B 

East  Hartford,  Connecticut  06108 

David  N.  Netzer 

Naval  Postgraduate  School 

Monterey,  California  93940 

Buford  ri,  Norris 
FAA 

P.O.  Box  20636 
Atlanta,  Georgia  30320 

Stanley  K.  Oleson 
FAA 

1739  So.  Uinta  Way 
Denver,  Colorado  80231 

Flo  Ormond,  AEE-10 
ORI,  Inc, 

800  Independence  Ave.,  S.W. 

Washington,  D.C.  20591 

James  Ott 

Aviation  Week 

425  National  Press  Bldg. 

Washington,  D.C.  20045 


235 


uMiitiiiiiiii 


LIST  OF  P/'KTICIPANTS 


Hans  A.  Panofsk> 

Penn  State  University 
503  Walker  Bldg 

University  Park,  Pennsylvania  16802 

Dr.  F.  Pasquill 
37  Arbor  Lane 

Winnersh,  Wokingham,  Berks,  England 

C.  William  Patten 
OKI,  Tnc. 

1400  Spring  Street 

Silver  Spring,  Maiyland  20910 

Richard  A.  Porter 
West  Virginia  University 
Dept,  of  Civic  Engineering 
Morgantown,  West  Virginia  26806 

Dr.  John  Powers,  AEE-3 
Federal  Aviation  Administration 
800  Independence  Avenue,  S.W. 

Washington,  D.C.  20591 

John  W.  Reynolds,  Jr. 

FAA  - .AAP-410 
Washington,  D.C.  20591 

Jerry  A.  Rlehl 

Boeing  Commercial  Airplane  Company 
MS  73-07 

Seattle,  Washington  9812A 

J.ames  Rogers,  AEE-10 

Federal  Aviation  Administration 

800  Independence  Avenue,  S.W. 

Washington,  D.C.  20591 

Ernest  S.  Rosenberg,  Chief 
Regulatory  Management 

Office  of  Mobile  Source  Air  Pollution  Control 
U.S.  Environmental  Protection  Agency 
401  M Street,  S.W. 

Washington,  D.C.  20460 

Donald  M.  Rote 
Argonne  National  Laboratory 
9700  S.  Cass  Avenue 
Argonne,  Illinois  60439 

Li.  Col.  Torsten  Rothman 
U.S.  Air  Force 
H2  USAF/LEEV 
Pentagon 
Washington,  D.C. 

Robert  W.  Rummel 
P.O.  Box  7330 
Mesa,  Arizona  85206 

Robert  A.  Samis 
Landrum  & Brown 
290  Central  Trust  Bldg. 

Cincinnati,  Ohio  45202 

Dick  Sandys 
P.O;  Box  661 

Menl.o  Park,  California  94025 


George  J.  Schewe 

(NOAA)  Environmental  Protection  Agency 
MD-14 

Re.search  Triangle  Park,  North  Carolina  27711 

V.  Allan  Schucrman 
Pratt  h Whitney  Aircraft 
400  Main  Street 

East  Hartford,  Connecticut  06108 

Howard  Segal,  AEE-10 

Federal  Aviation  Administration 

800  Independence  Ave,,  S.W. 

Washington  D.C.  20591 

Eiigene  Shelar 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  California  94025 

William  E.  Simpson 
ORI,  Inc. 

1400  Spring  Street 

Silver  Spring,  Maryland  20910 

Donald  G.  Smith 
2.054  North  14th  Street 
P.O.  Box  827 

Arlington,  Virginia  22201 

Douglas  G.  Smith 
ERT 

3 Militia  Drive 
Lexington,  Massachusetts 

Anthony  F.  Souza 

Scott  Environmental  Technology,  Inc. 
Flusteadville,  Pennsylvania  18949 

Anthony  P.  Spera 
FAA-Alrport  Planning  - AEA  610 
Federal  Building 
JFK  International  Ait  port 
Jamaica,  New  York  11430 

Alvin  M Star 
WAPORA,  Inc. 

211  East  43rd  Street 
New  York,  New  York  10017 

John  Stockham 
IIT  Research  Institute 
10  West  35th  Street 
Chicago,  Illinois  60616 

N.  Sundararaman,  AAE-10 
Federal  Aviation  Administration 
800  Independence  Ave.,  S.W. 

Washington,  D.C.  20591 

E.  Jack  Sweet 
Avco  Lycoming 
550  South  Main  Street 
Stratford,  Connecticut 


236 


LIST  OF  PARTICIPANTS 


V': 


I- 

I 


Lawrence  Taubenklbel 

FAA,  ARD  550 

2100  Second  Street,  S.W, 

Washington,  D.C.  20591 

Beth  Taylor 
LKT 

3 Militia  Drive 
Lexington,  Massachusetts 

Len  Taylor 

Department  of  Transport,  Canada 
Place  de  Ville  Tower  C,  Floor  20F/KFE 
Ottawa,  KIA  ON8 , Canada 

T.  W.  Tesche 

Systems  Applications,  Inc. 

950  Northgate  Drive 

San  Rafael,  California  9A903 

William  J.  Toth 

Society  of  Automotive  Engineers 
400  Commonwealth  Drive 
Warrendale,  Pennsylvania  15096 

George  E.  Umlauf 
Systems  Control,  Inc. 

1440  State  College  Blvd.,  Suite  6-A 
Anaheim,  California  92806 

Harvey  H.  Van  Wyen,  AFS-102 
FAA 

800  Independence  Ave.,  S.W. 
Washington,  D.C.  20591 

J.  M.  Vaught 

DDA  Div  General  Motors 
P.O.  Box  894  Mail  Code  U27A 
Indianapolis,  Indiana  46206 

Edward  F.  Versaw 
Lockheed-Calif ornia  Co. 

P.O.  Box  551 

Burbank,  California  91520 

A.  B.  Wassell 
Rolls-Royce 
P.C.  Box  31 
Derby,  England 

K.  Watanabe 
Japan  Airlines 
655  5th  Avenue 

New  York,  New  York  10022 

John  Wesler,  AEE-1 , 

Federal  Aviation  Administration 
800  Independence  Avenue,  S.W. 
Washington,  D.C.  20591 


Air  Comoodore  Sir  Frank  Whittle 
Department  of  Aerospace  Engineering 
U.S.  Naval  Academy 
Annapolis,  Maryland 


S.  K.  Wilson 

Los  Alamos  Scientific  Lab 

P.O.  Box  1663,  MS  588 

Los  Alamos,  New  Mexico  87545 

David  Winer 
FAA,  AEE-110 

800  Independence  Avenue,  S.W. 
Washington,  D.C.  20591 

Robert  Wise 
United  Technologies 
400  Main  Street 

East  Hartford,  Connecticut  06108 

Ken  Yamamura 

Pac.  Missile  Test  Range 

Code  32523 

Point  Muceu,  California  93042 

Robert  J.  Yamartlno 
Argonne  National  Laboratory 
EES  12 

Argonne,  Illinois  60559 

Louis  H.  Yates 
FAA  Great  Lakes  Region 
Attn:  Planning  Staff,  AGL-4 
2300  East  Devon  Avenue 
Des  Plaines,  Illinois  60018 


237 


AUTHOR  INDLX 


Author  Paper  Page 

BAURR,  E.  "On  Che  Discrete  Aspect  of  Pollution  Jets 

from  Aircraft  Taltcoffs" 178 

BRODERICK,  A.  J.  "Emissions  of  Oxides  of  Nitrogen  from  Aircraft"  10 

BRUBAKER,  K.  L.  "Preliminary  Evaluation  of  Air  Quality  Assessment 

Model  at  Williams  Air  Force  Base" 05 

BUDNEY,  L.  J.  "CO  Impact  of  General  Aviation  Aircraft" . . f^7 

CERMAK,  J.  E.  "Physical  Modeling  of  Short-Range  Atmospheric  Dispersion"  129 

COOK,  J.  D.  "Study  of  Lake  Erie  Offshore  Site,  Cleveland,  Ohio" 103 

CRUMBLY,  K.  H.  "Characterization  of  Aerosols  at  an  Airport" 50 

DALEY,  P.  S.  "Measurement  and  Analysis  of  Airport  Emissions"  2 

DELSEY,  J.  "Pollution  by  Aircraft  Traffic  — Pollution  Prevision  Model 

in  the  Vicinity  of  Airports,  Application  to  Various 

Airports:  Orly  and  Rolnsy-En-France"  103 

DOUCETTE,  S.  H.  "Validation  St.-lies  of  Air  Quality  Models  at  Dulles  Airport" 213 

DUEWER,  W.  H.  "Potential  Effects  of  Commercial  Aviation  on  Region-Wide 

Air  Quality  In  the  San  Francisco  Bay  Area" 38 

EGAN,  B,  A.  "Validation  Studies  of  Air  Quality  Models  at  Dulles  Airport"  213 

FAN,  H.  S.  L.  "Reducing  Air  Pollutant  Emissions  at  Airports  by 

Controlling  Aircraft  Ground  Operations"  180 

GELINAS,  C.  G.  "Reducing  Air  Pollutant  Emissions  at  Airports  by 

Controlling  Aircraft  Ground  Operations"  180 

GREENBERG,  C.  M.  "Air  Quality  in  the  Vicinity  of  Airports" 20 

HARRIS,  F.  S.  "Characterization  of  Aerosols  at  an  Airport"  50 

UODDER,  B.  K.  "Engine  Exhaust  Plume  Growth  In  the  Airport  Environment"  153 

JORDAN,  B.  C.  "CO  Impact  of  General  Aviation  Aircraft"  1A7 

"Emissions  of  Oxides  of  Nitrogen  from  Aircraft" 

JOUMARD,  R.  "Pollution  by  Aircraft  Traffic  — Pollution  Prevision  Model 

in  the  Vicinity  of  Airports,  Application  to  Various 

Airports:  Orly  and  Rolssy-En-France"  103 

KOCH,  R.  C.  "Study  of  Lake  Erie  Offshore  Site,  Cleveland,  Ohio" 183 

LUEBCKE,  E.  H.  "Aircraft  Turbine  Engine  Particulate  Emlsslcn  Characterization"  ....  27 

NAUGLE,  D.  F.  "Measurement  and  Analysis  of  Airport  Emissions"  2 

NEIZER,  D.  W.  "AQAM  for  Naval  Air  Operations" 117 

PASQUILL,  F.  "Atmospheric  Dispersion  Modeling"  ....  83 

PATTEN,  C.  W.  "FAA  Airport  Emissions  Data  Base  - Development  and  Application"  ....  205 

PERI,  G.  "Pellutlon  by  Aircraft  Traffic  — Pollution  Prevision  Model 

in  the  Vicinity  of  Airports,  Application  to  Various 

Airports:  Orly  and  Roissy-En-France"  .....  103 

ROSENBERG,  E.  S.  Keynote  Speech:  "Aircraft  Emissions  and  Air  Quality"  81 

ROTE,  D.  M.  "Updated  Model  Assessment  of  Pollution  at  Major  U.S.  Airports"  ....  170 

"Preliminary  Evaluation  of  Air  Quality  Model  at  Williams  AFB"  .... 

SANDYS,  R.  C.  "Modeling  Mobile  Ground-Source  Emissions  at  Air  Bases  and  Airports"  . . 

SCHEWE,  G.  J.  "CO  Impact  of  General  Aviation  Aircraft" 

SEGAL,  H.  "Pollution  Dispersion  Measurements  at  High  Activity  Fly-In 

of  General  Aviation,  Military  and  Antique  Aircraft"  76 

SUELAR,  E.  "Air  Quality  Characteristics  at  Dulles  International  Airport 

for  1976,  1980,  1985,  1995" 165 


Z38 


Author  taper  Page 

SMim,  D.  G.  "Validation  Studies  of  Air  Quality  Models  at  Dulles  Airport" 213 

STCCKHAM,  J.  D.  "Aircraft  Turbine  Engine  Particulate  Eolsslon  Characterization"  ....  27 

STOREY,  R.  W.  "Characterization  of  Aerosols  at  an  Airport" 50 

TANK,  W.  G.  "Engine  Exhaust  Plume  Growth  In  the  Airport  Environment"  153 

TAUBENKIBEL,  L.  "Aircraft  Turbine  Engine  Particulate  Emission  Characterization"  ....  27 

TAYLOR,  E.  A.  "Validation  Studies  of  Air  Quality  Models  at  Dulles  Airport"  213 

WALTON,  J.  J.  "Potential  Effects  of  Commercial  Aviation  on  Region-Wide 

Air  Quality  In  the  San  Francisco  Bay  Area" 88 

WINE,  C.  "Airport  Information  File  for  Analysis  and  Modeling" 199 

WINER,  D.  E.  "Airport  Information  File  for  Analysis  and  Modeling" 199 

WOODS,  D.  C.  "Characterization  of  Aerosols  at  an  Airport"  50 

YAMARTINO,  R.  J.  "Preliminary  Evaluation  of  Air  Quality  Assessment 

Model  at  Williams  Air  Force  Base" 65 

"Updated  Model  Assessment  of  Pollution  at  Major  U.S.  Airports"  ....  170 


239 


